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INWESTIGA!1710NOF TEE EFFECTS OF PROFILE SHAPE

AERODYNAMIC AND STRUCTURAL CHARACTERISTICS

TKU’J,TWO-DIMENSIONAL AIRFOILS

AT SUPERSONIC SPEEDS

By Elliott D. Katzenj Donald M. Kuehn,
and William A. Hill, Jr.

SUNMARY
*

ON THE

OF

In order to determine the effects of thickness, trailing-edge blunt-
L ness, boattailing, and forward profile on the aerodynamic characteristics

of thin airfoils, and to provide a check on the available theoretical
methods, 31 airfoils were tested. The airfoils were 2, k, and 6 percent
thick and were tested at Mach numbers of 1.45 and 1.98 at Reynolds numbers
of 1.0, 2.0, smd 3.5 million in a clean condition and at a Reynolds nuniber
of 3.5 million with transition fixed.

The aerodynamic advantage of very thin airfoils was shown by a rapid
increase ofmsximum lift-drag ratio (e.g., from 5.8 to 14.4 at M = 1.45
and a Reynolds nuniberof 1.0 million) as the airfoil thickness ratio was
decreased from 6 to 2 percent. Increased trailing-edge bluntness of the
6-percent-thick airfoils caused a small decrease in msximumlift-tiag
ratio but a large increase in section modulus; for the 2-percent-thick
airfoils, increased bluntness caused a lsrge decrease i~ maximum lift-
drag ratio with only a small increase in section modulus. This has spe-
cial si~ificance for propeller designers in that it indicates that
propellers whose blade elements uperate at supersonic speeds should have
blunt trailing edges for the thick sections nesr the hub and relatively
sharp trailing edges for the thin sections nesr the tip. The hportance
of maintaining a Isminar boundary layer on very thin e,j,rfoilswas shown
by the decrease of maximum lift-drag ratio from 14.4 to JL.9 causedby
fixing transition at the leading edge of a shsqwbrailing-edge 2-percent-
thick airfoil at a Mach number of 1.45. The effects of the different
forws&d profiles and changes in boattailing were generally such that a.
reduction in profile area reduced the minimum drag coefficient. The
center of pressure of the airfoils moved forward with increased thickness

.
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*
ratio and moved aft with increased trailing-edge bluntness. Available
theoretical methods were adequate for calculating the lift and pitching
moment of the airfoils under all conditions of the tests. The theoreti- .

cal methods for calculating foredrag and correlation curves for estimating
base pressure were adequate for predicting the totsl drag when the trsm-
sition position was known.

INTRODUCTION

Although thin airfoils have inherent structural limitations, they
—

are an aerodynamic necessity for wings, control surfaces, and propelJ.ers
in order to attain practical lift-drag ratios for supersonic airplanes
and missiles. The structural limitations of thin airfoils can be allevi-
ated by making the trailing edges blunt and by increasing the area of the
boattailed and forward parts of the profile. However, the aerodynamic
penalties, if any, involved in these increases in profile area must be
evaluated and balanced against the structural improvements they afford.
The best means of assessing bluntness and other thickness effects, with- ●

out having the results obscured by plan-form effects, is by the study of —

two-dimensional data.
.

Most of the experimental data available on blunt-trailing-edge air-
foils (e.g., refs. 1 through 5) pertain to thickness ratios greater than
5 percent. Since gains in aerodynamic and propulsive efficiency sre to
be e~ected with further reductions in thickness ratio, data are required
for smaller thickness ratios. For these very thin airfoils, the boundary-
layer thickness is often the same order of magnitude as the airfoil thick-
ness and large viscous effects are to be expected, particularly near the
base of the model. Thus, experimental evaluation of the available intis-
cid theories, such as the lineer, second-order, and shock-expansion
theories, and of the analytical results of references 1, 2, 6, 7’,8, and
9 is required.

The purpose of the present investigation, therefore, is to provide
experimental data on thin, blmit-trailing-edge airfoils for evaluating
the effects of thickness,”trailing-edgebluntness, boattailing, and for-
ward profiles, and to furnish a check on the available theoretical
resuits. To accomplish these aims, 31 airfoils were tested in the Ames
1- by 3-foot supersonic wind tunnel No. 1 at Mach numbers of 1.45 and
1.98 and at Reynolds nunibersof 1.0 to 3.5 million.

SYMBOLS
—

A

b

cross-sectional area of airfoil profile, sq in. h“

length of boattailed section, in.
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airfoil

section

section

section

section

chord, in.

drag coefficient

base-drag coefficient

minimum drag coefficient

minimum foredrag coefficient

wing drag coefficient

section lift coefficient

rate of change of lift coefficient with sngle of attack at
zero sngle of attack, per Aian

section lift coefficient for maximum lift-drag ratio

wing lift coefficient

section pitching~oment coefficient siboutmidchord position

wing pitching-moment coefficient about midchord position

trailing-edge thickness, in.

section moment of inertia about chord line, in.4

section modulus, in.3

section maximum lift-drag ratio

Mach number

ratio of base pressure to free-stream static yressure

Reynolds nuriberbased on chord

maximum thickness of airfoil, in.
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AxC.p.

a

P

Y

distance of center of pressure forward of midchord position
in chord lengths

angle of attack, deg

~M2 -1

ratio of specific heats (1.~0 for air)

—
.

E-IMENTAL CONSIDERATIONS

Apparatus

+l!hetests were conducted in the Ames 1- by 3-foot supersonic wind
tunnel No. 1 This single-return, continuous-operation,vari~le-pressure
wind tunnel has a Mach nuniberrange of 1.2 to 2.5. The Mach nuniberis
chmged by varying the wall contour by use of flexible plates which com-

—

prise the top and bottom walls of the tunnel. ●

The side-support balance used to measure the aerodynamic forces, and
a typical two-dimensionalmodel installation are shown in figure 1. Since “
Us is the first report in which data obtained with this balance have
appesred, a more complete description of the balance is @ven than would
normally be the case. The two-dtiensional installation includes a
through-span model, two boundary-layer plates, and two coqplete balance
units, one located on each side of the tunnel (only one balance unit is
shown in figure 1). The model is supported at each endby the balance
floating besm, which is, in turn, supported entirely by a set of six
(the yawing+noment gage is not shown) interchangeable ring-type strain
gages. These gages are attach@ to the main body of the balance through
insulated supports. The complete unit of test model, floating beemj and
ring gages comes in contact with the main body of the balance only through
these insulated supports, thereby permitting electrical contact to detect
fouling of the unit. The balance is rotated by an electric motor driving
the worm gear mechsmism on the main body of the balance. An airtight
drum fits over the entire balance unit end is vented to free-stream static
pressure. CsJ.ibrationof the balance showed that interaction effects
between caqponents of the balance were negligible.

Tunnel-wall boundary-layer effects are eliminated by the use of two
pmallel boundary-layer plates 8 inches spart which are &Lined with the
tunnel free streem and which remain fixed with respect to the main tunnel
walls. The spacing between the tunnel wall and the boundary-layer plate
is such that ell side-wall tunnel boundary layer flows behind the plate.
Circuler plates in the boundsry-layer plates rotate with the model so as
to maintain a uniform, preset clesrance around the model surface and
model shanks. The surfaces of the circular plate and the boundary-layer

*-

.
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plate remain flush to within 0.0015 inch. A
envelqpes the model shank, thereby relieving
intearal mart of the rotating circular plate

fairing which completely
it of any air load, is an
and is connected solidly to

the &lan~e housing. The m~el shank is pinned directly to the floating
beam. Clearance around the model surface and model shank was maintained
at sJl tties so that the full air load on the wing would be transmitted
to the ring gages. The clearance between the wing surface and the
boundary-layer plate was preset at ~proximatel.y 0.030 inch for ell the
two-dimensional wings (see fig. 2(a)). An auxilisry test arrangement,
used only with a semispan wing, which eliminates the 0.030-inch gap by
using a O.CQ~-inch-thick rubber sesl is shown in figure 2(b). The semi-
spsm wing uses only one balance and boundary-lqfer plate; the other
boundery-layer plate is replacedby a conventional 18-inch-diemeter
window.

Models

All the airfoil sections used in this investigation are shown in
figure 3. Each of the 31 sections was derived from one of four basic
shapes (having three different forward profiles); namely, (1) biconvex
(i.e., two circular arcs), t/c = 0.04, (2) biconvex to the midchord point
with the maximum thickness constant to the trailing edge, t/c = 0.04,
(3) biconvex to the one-thid chord point with the maximum thickness
constant to the trailing edge, t/c = 0.02, 0.04, and O.06, and (4) ltACA
16-004. Seven individual sections were obtained from each of the four
blunt airfoils by altering the basic profile, as shown in figure 3(b).
In each case, the amounts of bluntness were 100, 60, 30, and O percent
of the airfoil maximum thickness. The boattail parameter used in the
investigation was the ratio of the length of boattail section to the
chord length. For the basic airfoils %iconvex to c/3, the b/c ratios
were 0.05 and 0.33; for the basic airfoil biconvex to c/2, the b/c ratios
were O.0~ and O.~. The biconvex airfoil was not altered. One alteration
was made to the NACA 16-004 airfoil by increasing the trailing-edge %lunt-
ness to 30 percent with the boattail a straight line from the base tangent
to the original profile. Each of these airfoils had a chord length of
6 inches and a span of 8 inches between boundary-layer plates.

Two other wings were used to evaluate quantities necessary for the
complete analysis of the main airfoil data. They were (1) a 3/4-inch-
chord wedge with a base height of 0.180 inch and a span of 8 inches
between boundary-layer plates, (2) a 6-inch-chord, aspect ratio 2, double-
wedge, 6-percent-thick wing with a gap that could be sealed (see fig. 2).

The airfoils with blunt trailing edges had a 0.020-inch-dismeter
base-pressure orifice located symmetrically in the base wtth the pressure
lead brought out at the root of the wing. All leading edges, except for
the NACA 16-004 airfoil, and all shsrp trailing edges had radii of
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,
approximately 0.002 inch for practical reasons of construction and main-
tenance. The ordinates for the NACA 16-004 section are given in table I.

Test Procedure

The airfoils were tested at Mach nubers of 1.4.5end 1.98 and at
Reynolds nunibersof 1.0, 2.0, and 3.5 million at each Mach number with
the airfoil surface clean. At a Reynolds number of 3.5 million, the air-
foils were also tested with a l/&inch-wide salt band starting 1/4 inch
from the leading edge. At a Mach number of 1.45, the angle-of-attack
range was limited to *6° due to the movement of the diffuser normal shock
wave into the test section of the wind tunnel. However, at a Mach number
of 1.98 an angle of attack of *18° was attained before this phenomenon
occurred. Simultaneous measurements of total force and base pressure
were made at each angle of attack. For all tests the humidity of the
tunnel air was held to a value of less than 0.0003 pound of water v~or
per pound of dry air which is sufficient to reduce condensation effects
to a negligible amount.

Since a salt band was used to promote boundary-layer transition,
it was necessary to evaluate the wave drag of the salt. For this purpose
a 3/4-inch-chord wedge (see fig. 3) was tested at zero angle of attack
at both Mach nu?iberswith and without the salt band. An attempt was made
to standardize the size of salt crystals usedby sifting through two
screens of different mesh size thus eliminating all the very large and the
very small crystals. Several repeat runs were made to check the consist-
ency with which the salt bands could be applied. The tests indicated
that the salt-band results could be repeated within the values of uncer-
tainty in drag coefficient stated later in the section “Accuracy of Datan;
that is, the differences between runs with the salt band were no larger
than differences between repeat runs without the salt band. For tests
of the wedge with and tithout salt, the total force and.the base pressure
were measured and the results corrected to foredrag. The difference
between the foredrag results tith and without salt was taken as the cor-
rection for the wave drag of the salt.

The effect of the clearance around the airfoil at the wing root on
the aerodynamic forces was evaluated by using identical wing shapes with
the gap around one of the wings sealed with a 0.007-inch-thick rubber
seal. The change in strain-gage calibration caused by that portion of
the applied force required to stretch the elastic rubber seal was deter-
mined and found to be negligible by a static-force calibration with model
and balance instelled in the tunnel. The double-wedge, semispan wings
used for this check were run at the same test conditions as were the two-
dimensional airfoils. Results of the gap tests, described later, showed
that the effect of the gap was insignificant.

.

—

—

.

*

.
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Reduction of Data

7

All force data were reduced to the usual coefficient form for drag,
lift, and pitching moment. The reference length and area used for the
coefficients were chord length and plan-form area, respectively. In
addition to the total drag for all wings, the foredrag has also been pre-
sented in some instances. Base-pressure coefficients are given in the
form of the ratio of base pressure to the tunnel free-stream static
pressure.

Corrections to Experimental Results

Corrections to the measured force coefficients were computed for the
wave drag of the salt band, for irregularities of the free-stream pressure
and stream angle, and for the change in angle of attack due to elastic
deformation of model and balanoe.

The correction (described in detail in the section “Test Procedure”)
w%ich was applled to the main airfoil data for the wave drag of the salt
band is an average of several runs made with the 3/&inch-chord wedge.
The resulting values, expressed in drag coefficient form, are 0.0Q35 at
a Mach nuniberof 1.45 and 0.0022 at a Mach number of 1.98. This correc-
tion was determined at zero angle of attack only, but it was applied as
a hag-force correction at all angles of attack. It is believed, however,
that the error introducedby this methd of correction is of no practicsl
consequence.

Since the airfoil was rotated about its midchord point and therefore
always remained in nearly the same region of the tunnel stream, a single
correction for stream angle sufficed throughout the angle-of-attack range.
This stream-angle correction, which was small, and, in general, different
for the lift and moment curves, included the amount that the model angle
of attack was in error at the initial installation and any asymmetries in
construction. The correction was ap@ied very simplyby shifting the
lift and moment curves so that they would pass through the origin of the
axes. Corrections to the force and moment coefficients due to free-stream
pressure ~adients were negligible for the airfoils of such small thick-
ness ratios as were used in this investigation. The ccmibinedelastic
deformation of the model and balance for all wings was negligible for alIl
test conditions.
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Accuracy of Data
a

The accuracy of the final parameters used in the data analysis has
.

been estimated by considering the known accuracy of the individual quan-
tities used in determining these final values. The totsl uncertainty is

-.

given by the square root of the sum of the squares of the individusll
uncertainties. These uncertainties are given as * increments in the
following table:

RxlOe AM
I

ACZ
,

1.0
3*3
1.0
395
1.0
3*5
2.0
3*5

*O .005
k.oo2

*.005
*.002
LO05
**002
+.012
&.c)05

&d

LO.OO1O
+.0004
*.0013
*.0008
*.OO1O
+.0004
* .0051
*.0020

NACARMA54B08a

1
*.0005
*.0030
*.0030
k.oo16
*.0005
&.oo30
k.oo30

.

Repeatability of data was checked by making several runs with a given
model and was found to be consistent with the ~ove values. In addition

—

to the above quantities, another source of uncertainty is introduced by
the gap around the airfoil at the root of the wbg. The effect of the
gap on the aerodynamic characteristicswas estimated from the semispan
data shown in ftgure 4. Since the difference between the runs with and
without gap was no more than that for a given model with a gap run twice,
the effect of gap was negligible.

—-

TKEORETIC.#iGCONSIDERATIONS

Lift and Pitching Moment

Two theoretical methods of calculating the lift and pitching moment
were used in the present report. Second-order theory was used for calc-
ulating the slopes at a . 0, and shock-expansion theory was used at the
higher angles of attack where nonlinearities are to be expected and
greater accuracy than that of second-order theory is required. The
second-order formulas used for the slopes at a = O (ref. 1) were:

(1)

.

--
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b

where

.

and

c’=+

~a = (7 + l)M4 - 4(@’ - 1)
2(M2 - 1)2

()C2 A-~
dcm
—=

‘c’ C1C26 ‘$:)

(2)

(3)

(4)

.

Formulas 1 and 4 neglect the base pressure but it was shown in reference 1
that the error involved in excluding the base pressure was negligible for
lift and pitching moment.

Drag

The drag of the airfoils was predictedby adding calculated values
of the pressure foredrag, skin-friction drag, ~d the base drag. The
pressure foredrag was calculatedly shock-expsnsion theory for all the
airfoils. For the two round-leading-edge sections (NACA 16-004 airfoils
with h/t = O and h/t = 0.3), the calculations were made by approximating
the leading edge with the lsrgest wedge angle for which the leading-edge
shock wave remained attached. Lsminar skin-friction coefficients were
estimated from the Bhsius flat-plate incompressible theory since differ-
ences are negligible at the test Mach numbers between this theory and the
more accurate theories which account for compressibility. Turbulent skin-
friction coefficients were estimated from Cope;s theory (ref. 10) since
various experhnental results summsrized by Chapman and Kester in reference
11 have shown this theory tobe as accurate as any of the available theo-
ries at the Mach numbers of the test. No esthnate was made of the skin-

.
friction
and pwt
airfoils

coefficients for the Reynolds numbers for which natural transition
lsminar, part turbulent boundary layers were indicated on the
because the location of transition was not known. The base drag
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was estimated fran the correlation plots of reference 12.
#

Both the base
drag and the skin-friction drag were assumed constant with angle of attack.

Lift-Drag Ratio and Optimum Lift Coefficient

The maximum lift-drag ratio was calculated from the Iollowing second-
order equation of reference 1 which is applicable for small values of h/c:

(i)mx=(--)’2(.+t~)

The optimum lift coefficient was calculated from

(5)

.

.

(6)

which was derived from the formulas of reference 1.

RESULTS AND DISCUSSION

Results of tests of the 31 airfoils are presented in table 11 b the
form of lift, drag, and pitching-moment coefficients and base-pressure
ratios as a function of angle of attack. The.coefficients sre averages
of the values measured for both positive and”negative angles since the
airfoils were symmetrical about the chord plane and the differences for
the positive and negative angles were small and consistent with the uncer-
tainties in the data listed previously. Since the data are tabulated,
the only basic plots shown (figs. 5 through 8) are typical lift, pitching-
moment, drag, and lift-dxag-ratio curves. The trends of the data with
the parameters of the test (t/c, h/t, b/c, forward profile, M andR) and
theoretical and experimental correlation plots sre shown in figures 9
through 16. The e~erimental results of the test, with theoretical pre-
dictions for comparison, are summarized in table III as lift-curve and

.

moment-curve slopes at a = 0, minimum drag coefficient, msximum lift-drag
“
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.

ratio} and lift coefficient for maximum lift-drag ratio. The results are
discussed in the following paragraphs.

.

Lift

TYPical lift curves me shown in figure 5. The figure shows that the
lift at any given angle increased with trailing-edge thiclmess and was
relatively unaffected by airfoil thickness ratio as predicted by theory.
The predicted departure from linearity with angle of attack was slightly
less than that measured.

Examination of table III shorn that the normalized lift-curve slopes,

Pcza) are principally a function of h/c and that there was no consistent

vsriation of pcla with t/c, b/c, forward profile, R and M. The nor-

malized lift-curve slupes are plotted against h/c in figure 9 for aXl
the models. The mean of the data closely followed the predicted increase

. in pcz- with. h/c. The spread in the data due to variations in t/c

and the”other parameters mentioned above did not produce deviations from
the predicted curve by more than k5 percent, with but few exceptions.

.

Pitching Moment snd Center of Pressure

Typical.pitching-mmnent coefficients are shown as a function of lift
coefficient in figure 6. The data are for shsrp-trailing-edge airfoils
2 and 6 percent thick in figure 6(a) and sre for 6-percent-thick airfoils
with both sh~ and fully blunt trailing edges in figure 6(b). The figure
shows that at a given lift coefficient and trailing-edge thiclmess ratioj
the effect of increased afifoil thiclmess ratio was to increase the
pitching-moment coefficient. However, for given thichess ratio, the
pitching-moment coefficient decreased with increased trailing-edge thick-
ness. Although the predicted pitching-mument curve was slightly more
nonlinear with lift for the 6-percent than the 2-percent-thick airfoils
and the reverse occurred experimentally, the agreement between theory and
experiment wa9 good.

The foregoing trends of lift and pitching-moment coefficient are
reflected in the forward movement of the center of pressure (fig. 10)
with increased airfoil thickness ratio and in rearward movement with
increased trailing-edge bluntness. For the sharp-trailing-edge airfoils
shown, the center of pressure moved from 2 to 8 percent of the chord for-

. ward of the midchord position at M = 1.45 with an increase in airfoil
thickness ratio from 2 to 6 percent. Illustrating the opposite trend
with increased trailing-edge bluntness, the center of pressure shifted
from 8 to 4 percent of the chord forward of the midchord position for the
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6-percent-thick airfoil at M = 1.45 with an increase frcm zero to full
bluntness. The center of pressure was generally 1 to 2 percent of the
chord further forward at M = 1.45 than at M = 1.98. This was a trend
not predicted by theory. The effect of b/c and of forwerd profile,
with t/c end h/t fixed, was generally to shift the center of pressure
forward with increased profile exea. The variation of the center of pres-
sure with Reynolds nunibercan be seen from table 111 to be less than *0.~
percent of the chord in most cases.

It can be seen from figure 11 that the predicted and e~erimental
center-of-pressurepositions usually agreed within 1 or 2 percent of the
chord, with better agreement at M = 1.98 than at M = 1.45.

An example of how two-dimensional section data canbe combined with
linesr-theory tip effects to predict the pitching moment of a finite
aspect ratio w<ng is shown in figure 4. It can be seen that super~osing “-
thickness effects, as given by second-order theory, on linear-theory tip
effects improves the prediction of the pitching moment over that which
would be calculated with thickness effects neglected.

.

Minimum Drag Coefficient .

The variation of minimum drag coefficient with airfoil thickness
ratio and trailing-edge thickness ratio is shown in figure 12. Data
included pertain to various forward-facing profiles and boattail condi-
tions, with transition fixed at R.3.5xl.08 and with the airfoils in a
clean condition at R=l.0x106. The data manifest a rapid increase in
cdtin with increased t/c or h/t and a decrease In cd~n with increased

Mach number. The percentage increase in Cdtin with increased h/t was
larger for the 2ypercent than the 6-percent-thick airfoil, as would be
inferred from the theoretical optimum-airfoil results of reference 5. At
M= 1.45, c&in increased approximately b percent (or 0.01.2)for

6-percent-thick airfoils and 100 percent (or 0.006) for 2-percent-thick
airfoils, with an increase in h/t from O to 1.0. The effects of changes
in the basic airfoil and in b/c were such that, generally speaking,
reduction in profile area, regardless of position on the airfoil, reduced

cdm~ ●

The effect of fixing transition at the leading edge of the airfoils”
iS also illustrated in figure 12. The increase in

C%n
shown ~S

usually due to an increase in base drag, as well as to an increase in
skin friction. It can be seen from table III that the effect of increased
Reynolds nuniberon the airfoils in a clean condition was to increase

cdm~n●
This indicates that the transition region was moving forward on

the airfoil surface with increased Reynolds nw.tiberbecause c- would



be expected to decrease with increased Reynolds number if the boundary
layer had remained completely laminar.

The theoretical and experimental
“%nin

were generally in good

agreement, as can be seen in the correlation plots of figure 13. The air-
foils for which the predicted drag coefficients were slightly higher than
the experimental coefficients usually had sharp trailing edges (table 111).
This is probably a result of the shock wave near the trailing edge inter-
acting with the boundary layer and causing increased pressures and reduced
drag on the rear portion of the airfoils, as first pointed out in refer-
ence 13. For the blunt-trailing-edge airfoils, the trailing-edge shock
wave occurs further downstream, and the pressures on the rear portion of
the airfoil apparently are not increased. The data of figure 13 are pre-
sented as total-drag, foredrag, and base-drag coefficients for R=3.5x106
with transition fixed and R=I.0XL06 with the airfoils in a clean condi-
tion. With transition fixed at R.3.5x10e, skin-friction and base-pressure
coefficients corresponding to a turbulent boundary layer were used in com-
puting the theoretical

Ctin” With the airfoils in a clean condition at

R=l.OxlOe, skin-friction and base-pressure coefficients corresponding to.
a lsminar boundary layer w~e used in computing the theoretical. c~in .

That the boundary layer was laminar over most of the airfoil is indicated
by the good agreement between theory and experiment for the foredrag. The
increase in base drag over the predicted values suggests that transition
is occurring near the base, thereby decreasing the experimental base-
pressure ratio and increasing the base drag.

~eOretical C%lin ‘s not
calculated for R–+.0x108 and R.3.5x106 with the airfoils in a clean
condition because the location of transition on the airfoils was not known.

Reference 10 shows that base pressures at a given Mach nunibercan
be correlated on the basis of the ratio of the boundsry-l~er thickn~ss
at the base to the base height. Since the boundary-layer thickness at
the base of the airfoils with transition fixed near the leading edge was
undoubtedly different than for natural transition which did not occur
near the leading edge, the base pressure with transition fixed would not
be expected to coincide with the base pressure with natural transition.
That they did not coincide can be seen from table II. At R.3.5x10s
the base-pressure ratios for natural transition (airfoils clean) were
higher than those for transition fixed. However, the differences were
not lsrge and the differences were smaller at M = 1.98 than atM = 1.45.
In geheral, figure 13 shows that errors in the base drag of thin airfoils
do not seriously affect the prediction of the total drag.

.



Drag Due to Lift and Lift-Drag

Typical variations of drag coefficient and
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Ratio

lift-drag ratio with lift

*

——

coefficient are shown in figur& 7 and 8.
—

The.drag curv& were parabolic
and the agreement between theory and experiment--wasgood.

—
The drag coef- _ .:

ficient increased with increased trailing-edge bluntness ata given lift
coefficient; the increase occurred at a decrea~ng rate with increased

—

lift coefficient. The lift-drag-ratio curves were more sharpiy peaked
.-

fcm the 2-percent than for the 6-percent-thick airfoils and.for the sharp-
———

than for the fully blunt-trailing-edge airfoils, Furthermore, the lift
coefficient for (t/d)mx decreased with decre~ed t/c and h/t. These

—
—

trends naturally result from the behavior of chin and are in good —

agreement with theory.

Maximum Lift-Drag Ratio .-.-

The variation of maximum lift-bag ratio with airfoil thickness
.

ratio and trailing-edge thickness ratio is shoti in figure 14. The aero___ __ ..:
dynamic advantage of very thin airfoils is illustrated by the rapid .
increase of (l/d)mx tith decreased t/c for the &harp-trailing-edge ---
airfoil in a clean condition at R=l.OXIOS and M = 1.45; the (l/d)mu
increased from 5.8 to 14.4 with a decrease in t/c from 6 to 2 percent.
The increase of (l/d)ma with decreased t/c was larger for.the sharp-

—

than the blunt-trailing-edge airfoils, and the effect of increased h/t
was to decrease (2/d)Mx. The decrease was smill for the 6-percent-thick
airfoils and became larger with decreased t/c. The effect of the dif-
ferent forward profiles and changes in b/c were generally consistent
with the Cdtin results in that reduction in profile area increased —

(Z/d)mm. Increasing”the Mach nurriberfrom 1.45 to 1.98 caused a larger
—

decrease in (2/d)= for the 2-percent than foY the 6-percent-thick air-
.—
.—

foils. It is also evident from figure 14 that lsrge gains in (l/d)m
can be achieved by maintaining a lsminar boundary layer on very thin air-
foils. For the 2-percent-thick sharp-trailing-edgeairfoil at M = 1.45,
(l/d)~x was 14.4 for the airfoils in a clean condition at R=l.OxlOs

and 11.9 with transition fixed at R=3.5flo6. --

In order that the-various airfoils may be compared on the basis of
both an aerodynamic and a structural criterion, a plot of the variation

—

of (t/d)max with section modulus is shown in figure 15. The figure
shows that large smounts of bluntness of the 2-percent-thick airfoils
resulted in lsxge decreases in (l/d)mu

● -
but only small increases in sec-

tion modulus. In contrast, large increases in trailing-edge bluntness
of the 6-percent-thick airfoils caused small decreases in (2/d)W and .
large increases in section modulus. These trends would be essentially
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the sane if structural parameters other than section modulus, for instance,
torsional rigidity or bending stiffness, had been chosen for cmnparison.
The results have special significance for propeller designers in that they
indicate that prcrpell.erswhose blade elements operate at supersonic speeds
should have blunt trailing edges for the thick sections near the hub and
relatively sherp trailing edges for the thin sections near the tip. It
should be pointed out that airfoils designed to have the minimum wave drag
for a given structural criterion (refs. 6 and 8) and for the Mach number
end Reyuolds number conditions of these tests have smaller leading-edge
angles than the airfoils tested. For the 6-percent-thick airfoils espe-
cially, it is believed that if airfoils with the same structural charac-
teristics but with smaller leading-edge sngles had been tested, higher
maxtium lift-drag ratios would have been obtained.

The good a~eement between theory and expertient for c~a and Cb

is mirrored in the good agreement for (z/d)U shown in figure 16.

CONCLUSIONS

An investigation to provide experimental aerodynamic data at Mach
nunhrs of 1.45 and 1.98 on thin, two-dimensional, blunt-trailing-edge
airfoils afforded the following conclusions:

1. The aerodynamic advantage of very thin airfoils was shown by-a
rapid increase of maximum lift-drag ratio with decreased airfoil thickness
ratio.

2. Increased trailing-edge bluntness of the 6-percent-thick airfoils
caused a small decrease in maximum lift-drag ratio and a lsrge increase
in section modulus; for the 2-perce.mt-thickairfoils, increased bluntness
caused a large decrease in maximum.lift-drag ratio end a small increase
in section modulus.

3. The importance of maintaining a lsminar boundary layer on very
thin airfoils was shown by the decrease of maximum lift-drag ratio from
14.4 to 11..9 caused by fixing transition at the leading edge of a sharp-
trailing-edge 2-percent-thick airfoil at a Mach nurtiberof 1.45.

4. The effects of different forward profiles and changes in boat-
tailing were such that, generally, any reduction in profile area reduced
the minimum drag coefficient. —

5* The center of pressure of the airfoils moved forward with
increased thickness ratio and aft with increased trailing-edge bluntness.
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6. Available theoretical methods were adeqmte for calculating the
T

lift and pitching moment of the airfoils under”all conditions of the test.
The theoretical methods for calculating foredrag and correlation cwves

-.

for estimating base pressure were adequate for predicting the total drag
.

when the position of transition was known.
——— .

Ames Aeronautical Laboratory
National Advisory Committee for Aeronautics

Moffett Field, C!alif.,Feb. 8, 1954
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TABLE I.- AIRFOIL ORDINATES

[Stations md ordinates given in percent of airfoil chord]

.

Upper and lower surface

Station

o
3.25
2.5

?:;
10.0
15.0
20.0
30.0
40.0
X.o
60.0
70.0
80.0
go.o
95.0
100.0

NACA 16-004
h/t-

Ordinate

0
● 43
.60
.83

1.00
1.17
1.37
1=57
1.80
1.97
2.00
1.93
1.75
1.40
.83
● 47
.03

NACA 16-004

h/t=O.3

Ordinate

o
.43
.60
.83

1.00
1.17
1.37
1.57
1.80
1.97
2.00
1.93
1.75
1.40
1.00
.80
.60

L.E. radius: 0.078
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TABLE II.- LIFT, DRAG, AND PITCHING-MOMENT
BASE PRESSURE RATIO FOR AIRFOILS

(a) Basic airfoil: Biconvex to c/3,
(1) h/t =1.0, b/c =0

COEFFICIENTS
TESTED
t/c = 0.02

I R=3.xl@ I R-3.~06 I R-2.Gxl@
Transitionfixed I R=l.CCUOe

. a. Ahfoil Cleml Airfoil Clcau Ah’roi1 clean

.
d:;—

Cz

L.45 o 0
.5 .030
1.0 .a53
1.5 .MO
2.0 .135
3.0 .207
k.o .204
5.0 .3EQ
6.0 .444

L.S6 o 0
.5 .018
1.0 .038
1.5 .Op
2.0 .fxl
3.0 .124
4.0 .167
5.0 .211
6.0 .254
8.0 .342
10.0 .434
E.@ .=
14.0 .619
16.0 .739
ti.o---

1

cd c1

0
.031
.C-54
.Q5

%

.CKm

.0008

.0m3

.OJlo

.am

.c@E

.*

.W3

.C021

.Cnxn

.Ocw

:=
.mw

:%
.ca28
.CKA2
.0%5
.CKf8
.C086
---

cm

)
. mo3
.om3
.om4
.ax14
.Oo11
.0324
.W40
.W64

3
)
-.@ml
-.0031
-.oml
-.CXW1
.CE04
.Cml.o
.Mlo
.0021
.0’330
.CK149
.0365
.-3
---

).0139
.o139
.0146
.0162
.0183
.C@+6

.OE!O O.w 00 I0.01130.51.0123 .yJ .OR .0CK14.o117 ,%
.0131 .W .065 .CC?35.o124 .%

.Om .* .136 .OxiJ .01% .2

.cE28 .51 .207 .am .a?23 .y

.0317 .51 .283.~% .g: .g: .3

.0434 .!?2 . .

0
.034
.057
.104

0
.-
.m3
.0303
.Oan
.&
.0323
.ami’

O.olcl?o.%
.Olcg .5!
.0116 .%
.OILQ .%
.ol& .=
.0217 .53
.0324 .55
-04=-3.57

.oti51.511.ltit.03051 .OM’91:;
.135
.2C4
.280

.142

.215

.29h

.%’3
.0338
.OJ+&
.-

.397

.438 .Oy .%} .4331.0057[.05701 .q.-:”q --+ :---:,..

.0104 .*

.0103 .37

.01Q3 .3?

o
.017
.038
.03
.0-79
.121
.164
.206

.0032

.Co34

.0085

:s5
.0141
.o19k
.CQ59
.0344
.W&2
.0424
A&o
.lfxJ3
.2147

.36

:$
:%
.36
.37

:;
.39
.40
.Lil
.42
.41

0
.018
.039

%
.124
.169
.210
.253
.340
.426
.514
.615
$2;

a
.caJ3
.a333
.aloh
.Oxlh
.0004

.CKJ’71

:%%
.0333
.0099
.0135
.ol@
.0254
.0339
.0554
.C830
.1171
.1615
.2170
.2863

.47a .0064

.46 .CQo‘.0003 .0065

.45 .040 .0323 .*

.45 .C60 .om5 .m79

.45 ;$4 .OcrO;.W93

.45 .0127

.44 .171 boll .0M2

.45 .215 .0311 .0?47

.46 .26J .an6 .0337

.47 .344 .0321 .0544

.48 .433 .Oog .@6

.4 .531 .- .1.U9

.46 .635 .0075 .I@5

.43 .7k5 .- .2220

.44--- --- ---

.0H6 I .3

.0E28 .3e

.0168 .3a

.w18 .~

.0285 .39

.0369 .B

.0586 .40

.0346 .42

.1213 .43

.1650 .47

.c003

.om5

.mll.253
.336
.423
.W
.603

.aQo

.@x28

.0043

.0361

.clx~

.57

.P

.47
=

.22&I.* .716
---- ---- --- I -- I

(2) h/t = 0.6, b/c = O.O5

R=3.5x10e

a. Transition fixed
R-3.YU06 R=2.0xM6

ALrfdl Che.n Plrfoil clean

C2 % cd F?+ c1 m w

o 0.CK1960.550 0 o.cK@
.09 .- .Cwj@ .55 .Oy .CQM .0104
.064 .mlo .0105 .55 .065 .COa .OI.09
.W .oo12 .Olfq’.55 .099 .OcKq .c)125
.131 .CQ14 .0141 .~ .1* .0010 .o14k
.201 .ax3 .Cew .53 .205 .0m8 .02a7
.273 .0037 .0283 .53 .278 .CK133.0305
.349 Lo% .0403 .= .354 .m47 .0403
.425 X092 .oq@ .53 .k33 .Oam .0550

I R-l.OXlOe
Airfoil clean

d~
c1 c=

o 0
.5 .(228‘.Cc@
1.0 .C64 .C#9
1.5 .WJ7 .ool~
2.0 .132 .aJ15
3.0 .2a2 .0227
Lo .277 .0047
5.0 .39? .W75
6.0 .430 .0105

0 0 0
.5 .019 .0C05
1.0 .039 .0m6
1.5 .059 .0c08
g.; .C81 .Cc03
. .123 .Cao

.165 .0316
;:: .207 .Cao
6.0 .250 .o@9
8.0 .336 .ook5
loo .423 .C064
E?.0 .512 .rxa5
14.0 .* .01(32
16.o .717 .O1*
18.o .832 .022aI

m

IT
k cd %@

0.00990.47
.om3 .0104 .k5
.W03 .ola3 .46
,0010 .Orc?k.46
,Cmo .0143 .49
.0016 .o19g .@
.0033 .ce93 .67
.002 .0405 .69T

.o1170.%!

.0KL7 .38

.o124 .3.8

.0140 .37

.01% .37

.0221 .38

.0309 .39

.0427 .39

.WO .41

.470

.44 .033

.44 .Ma
:44 .103
.44 .142
.46 .214
.9 .290
.60 .3&
.60---

.630

.63 .Ceo

.63 .040

.63 .C&

.63 .083

.63 .126

.62 .172

.61 .212
Al .256
.59 .341,
.% .431
:g .6%

.44 :741

.46 .87a

..4:

L.98

I---- - -1--

.0333

.C?xB

.Cml

.Ck2034
.Cc)n

:%5
.m%
.0072
.0103
.016h
.0228
.0313
:%9

.1163

.M526

.2177

.

.67

%
.67
.67
.67

:%
.65

:E
.49
.43
.40
40-

.&
JX83

:%%
.0103
.0142

.42

x
.42

:$
.43
.43
.43
.441

0
.019 .00s4
.039 .0034
J@ .0306
.Cf30.-
.U2 .COlo
.164 .0015
.206 .m
.248 .CKE4
.335 .c@2
.420 .oo~
.y% .0080
x-a? .-
.711 .o129
.8 .0 !

.0364

.a%6

.0367

.W5

.c037

.0K4

.0177

.@2

.0324

.0532

.C%c4

.1143

.1567

.2107

.2786J_ll
.410 .Cng
.41 .019 mob .~
.41 .040 .0m4 .Cc60
.41 .&a .0003 .0068
.41 .Cal .CxM8 .Ccel
.41 .123 .00IJ .0U6
.41 .166 .W17 .o169
.42 .xY-f,OcQl .ce35
.42 .251 .’lw25.0320
.44 .336 .C1243.0530
.44 .419 .@a .IVW
.@ .m .0q7 .l13a
.41 .a .Ooyf .l~
.42 .717 .o126 .2X22
.x .83fI.017 .*4 1

.Wu

.03?5

.IXS27

.CS333

.m

.0370

.0088

.0109

.0139

.0J
.0191
.Gs
.0341
.0549
.0%20
.l16e
.l=
.2139
.2

.46

.48

:%’
&

-
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✎

TABLE II.- LIFT, DRAG, AND PITCHING-MOMENT COEFFICIENTS AND
BASE PRESSURE RATIO FOR AIRFOILS TESTED - Continued

(a) Basic airfoil: Biconvex to c/3, ‘t/c= 0.02 - Continued
(3) h/t= O.3, b/c= O.05

R=3.5X1CP
‘Transitionrlxed

R-2.0%10s
Airfoil clean

~

R=l.O)U&
Airfoil clean

b~ c1 h w P@

.y o 0 0.W77 0.49

.51 .036 .Coo8 .Co3h .48

.fi?log ml: .0090 .48

.53 .Ola? .51

.53 .lhl .Cm2g .O11o .72

.gj .Q14 .Cd@ .017’7.78

.66 .289 .m66 .026b .78

.67 .369 .- .0387 .77

.66--- --- --- --

R-3.5X106
Airfoilclee.n

M

I
d:;

t- ‘% % Q@

LW5 0.59
.- .39
.OICQ ,m
.0117 .60
.0137 .64)
.ol~ .59
.0285 .62
.03$KI.64
.o~h .66

.W77 .49

.0378 .48

.CC@o .48

.CK@ .49

.O1oo .k9

.0135 .49

.Olw .49

.CQs .49

.0333 .49

.0538 ,49

.5307 .50

.1147 .59

.1%0 .53

.2092 .57

.2723 .59

T
00
.5 .031
1.0 .055
1.5 .@%
Q.O .133
3.0 .201
4.0 .274
y).o.349
6.0 .426

x.%
.57
.57
.57
.59
.60
.61
.62

.47

;;

.48

.50

.51

:$

;g

.45

g

)

.0010

.CQ14

.0u22

.m

.cnks

) ‘lo 10.W75 )

.@m

. CPw

.Cmc

,0W4
.C@
.*
.C@2
.O1.l?

O.mo
.C1374
.0381
.-
.O1.ls

.031

.05s

.lca

.134

.204

.277

.3Y

.4Q8

.261 .W35 .0177

.272 .Q053 .0261

.3k7 .C@o .0378

.424 .0113 .0?23

) o’ .W3
,020 .0CJ31.Cn55
.040 .oc#3 .C057
.C61 .@ .0064
Sg .0x9 .0075

.00I.Q.0110
.167 .0017 .0160
.209 .C@Q .0224
.293 .CKP9 .0307
,33a .cn45 .0513
.422 .Co60 .0780

.0176

.W60

.0377

.W=

.Wrltl

.0103

.0138

)
.C030
.0m6
.-
.ano
,0317
.m2A
.0033
.(XIU
.0063
.0G33
,0103

1.99 0 0
.5 .019

L
o .CC141

.019 .Qm4 .0043

.040 .0C04 .0047

.061 .Oo@ .C@

.C82 .m .0068

.L26 .00LS 00105

.168 .W?23 .0158

.211 .CD2fl.0224

.255 .m37 .0308

.340 .0@5 .Cyf21

.423 .m65 .0777

.511 .ca35 .1122

.611 .CW8 .1558

.720 .Owj .2102

.844 .0172 .27861
.780
.78 .Cwl .mc@
.78 .041 .0008
.77 .064 .oo16
$ .c8J .oo16

.73 :171 :s4

.70 .Q14 .C@

:3 :Z :%%
.58 .430 .008a
.% .= .0105
.47 .633 .0P2
.43 .742 .0163
.4 .867 .CE2I

.C040

.W4Q

.CX345

.@

.0068

.0105

.0159

.CQ25

.0307

.0517

.0762

.1136

.16Q6

.Q178

.’2862

.84

.84

.84

.84

.83

.81

.80

.761
1.0.039
1,5 .C60
2.0 .081
3.0 ,123
4.0 .165
5.0 .213
6.0 .Q49
8.o j;;
10.0

.7X
:4:: .598
1.6.O.701
18.O .81 m,0137

.0190
s

[4) h/t = O, b/c = 0.05

R=2.0xl.00
Airfoil oleen

ZI=I=E

R-1.COU06R.3.%l@ R-3.5x10°
Tm.nsithn fixed Airfoil oleen

% %
I
cd pbh ‘ll”r++bh

d:j

—

o

.5

:$
Q.O
3.0
4.0
5.0
6.0

0
.5

1.0
1.3
2.0
3.0
4.0
5.0

;::
.0.0
.2.0
.4.0
.6.0
a.o
—

Airfoil Olm.n

~1 I ~m I cd b?
M

—

,,lb5

..$$

—

c
.031
.C@
.097
.I.3Q
.201

.273

.347

.424

cI 0.0071 --
.Oou? .0074--
.w16 .Oal --
.0020 .w% --
.0327 .0113--
.0043 .0171--
.0063 .0255--
.OCgl .0366--
.o126 .0508-- 1

.02

.067

.096

.J-3

.1

.2--fo

.346

.421

0

~

0.0
.0010
XxX8 :006
.002sl.O@l
.00a3
.0043
.0063
.0@3
.o124

-- --
.030 ‘.ooca‘:% --
.070 .- .0065--
.m .0025 .W5 --
.134 .C@3 .- --
.204 .C@18 .01 --

?.279 .W71 .024 --
.359 .O1o1 .0360,--
-- --- --- --

0 .0041--
.OI.3.Cxl@ .W37 --
.037 .cXn8 .0041--
.~ .Cmu5 .~l --
.C@ .0026 .0059--
.Uo .0334 .
.163 .0342 .% ::
.204 .m49 .0205--
.246 .0061 .m7 --
.332 :% .ok91--
.419
.515 .0,19 :%$ ::
.618 .0143 .l~58--
.730 .01T7 .Zll.Q--
.849 .C@a “.2776--

--
--
--

.0102--
#oML+--
.0247--
.0358--
.WQ --

.(XXO--

.0041--

.0045--

.m53 --

.0064--

.@ --

.o148--

.C21.l--

.0294--

.0500--

.q64 --

.11o5--

.1530--

.2067--

.2724--

.Ole

.041

.C6c

.075

.1.22

.163

> 0
.0007 :%2:: .0s
.0009 .0070-- .041

:gg :% :: :%
.CiW .olQ3-- .12c
.0030 .017’3-- .161
.C038 .0236-- .gq
.0050 .0317-- .244
.C072 S&22 -- .325
.- .0784-- .412
.Olsll.lu7 -- .49f
.0150 .1329-- .58s
.0201 .w36 -- ;691
.~l .2682-- .807

0 .m47 --
.CC@ .C049--
.CKw .OyJ --
.0010 .@359--
.U314 .C070--
.0319 .o1o4--
.W26 .0154--
.m34 .0s26--
.m43 .- --

$jj :~z ::
.1100--

.OI.25.15C8--

.OI.61.2022--

.0234 .2688--J
0

.016 .o~

.04J .cn12

.057 .IXn3

.078 .0020

.I18 .0024

.I.61.C030

.#33 .0039

.244 .0048

.332 .C065

:% :%%
.&)l .OI.23
.~@ .ol~
.827 .W

.~j

.247

.332

.415

.y31

.593

.697

.803
.

.
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TABLE II.- LIFT, DRAG, AND PITCEING-MOMENT COEFFICIENTS AND
BASE PRESSURE RATIO FOR AIRFOILS TESTED - Continued

(a) Basic airfoil: Biconvex to c/3, t/c = 0.02 - Continued
(5) h/t = 0.6, ~/C = 0033

R=3
WO

%

.0007

.WKlg

.0mJ2
XxX.6
.-
.0043
.a!63
.~l

.0003

.oa)3

.-

.oa16

.0310

.0015

.0020

.0026

.0041

.@?%

.0074

.00s5

.0128

.019

*

R+ .Oxl& I R.1.Ox106

A

.52

.52

.52
:52

.;:

.s9

.66
--

.53

.53

.54

.55

.57

.60

.62
;:

.62

.55

~$

.41—

irroi
%

lam

cd

.cKl&

.m83

.Klgl

.0103

.0-

.ol@

.0276

.0394
---

:%
.0060
---
.m&)
.0KL5
.03.6s
.0236
.0319
.0530
.C83.l
.3J7’9
.1639
.2268
.28-f$l

Z—
@
.39
.39
.39
.39
.40
.40
.41
.42

.kl

.42

.42

.41

.41
Al
.41
.41
A2
.k2
.43
.k~
.47
.50
.%—

c1

o
.5
1.0
1.5
2.0

:::

0

11
.032 .Cm~
.06j’ .Oo1o
.101 .0015
.135 .W20
.207 .C033
.281 cay%
.3s8 .c084
.438 .0116

l.ol@
.o112
.0U8
.0U8
.0155
.0218
.0307
.0426
.0575 1

UxW3 .50
.m93 .51
.Olw .51
.0114 .50
.0136 .50
.0197 .50
.0283 .50
.0397 .51
X545 .51

1.
.032
.055 111

‘.m84 .54
.0037 .53 .033 .0m8
.- .53 .C67 .00KL
.o116 .53 .lCJL.cm.6
.0U28 .54 .141 .0017
.0189 .54 .215 .m26
.0278 .55 .291 .IM45
.0397 .57 .370 ma%
.0544 .s --- ---

‘.@+
.0009
.Oxll
.0314
.a)24
.C$J38
.0360
.-

.m03

.W08

.01M8

.Oo11

.(m17

.WJls

.0325

.0041

.0055

:3!
.o126
.Ow

.033

:Z
.133
.202
.275
.349
.4*

.020

:%
.082
.124
.166
.208
.251
.337
.422
.510
.64)2
.708
.&4

loo
.134
.205
.2’79
.356
.434

5.0
6.0

0 0 0 .Ccal
.5 .020 .am4 .0084

1.0 .042 .cYX5 .(XM5
1.5 .(%1 .oK17 .Wfi
2.0 :MJ .= .OI.C6
3.0
4.0 .167 :Om8 :Zz
5.0 .209 .W22 .0259
6.0 .253 .0331 .0343
8.0 .337 a; .Cg
.0.0 .h23
2.0 .512 .0087 :U6?
.4.0 .&y .0U3 .1590
6.0 .m .Ola .21.28
8.0 .S2b .0219 .2770

.01X3 .36

Ir
.o@ .36 .020
.Ix68 .36 .042

1
.0c56
.O@l
.c065
.0084
.0386
.Ouo
.0170
.0237
.0323
.0636
.0806
.1153
.1591
.2221
.28141

:% .019‘.-
.47 .042 .(YJ33
.48 .@ .Oo11
.50 .084 .OoM
.58 .- .OCIU
.59 .170 .00’22
.% .2)5 .0024
.&l .2fJ8.(X)30
.58 .344 .0351
:7 .431 .Co58

JJ :23 :%
.41 .742 .0141
.!57.865 .0U8Ii

.0070 .% .M2

.Ows .% .094

.0=4 .37 .m

.0176 :$ .~g

.(X243

.0326 .39 :755
-m% .39 .339
.08i?8.39 .424
.Iuo .40 .513
.157o .39 .6u
.2104 .39 .722
.2767 .41 .841

(6) h/t = 0.3, b/c = 0.33

—

F
.46
.45
.45
.45
.46
.61

:Z
-—

.45

.44

.44

.43

.46

.52

.73

.74

.7k

.67
*59
-55
.48
.45
.k3

7

11-R=3Transit

& cl cm

Ml&
cm fti

cd

R.1.CD@=2.OX
foil I

%

I

.Cm8

.Oo1o

.oo16

.0G20

.aH2

.0049

.m72

.0102

.m4

:Z
.mlo
.oo16
.ow?k
.OcEn
.0337
.0057
.Wk
.C@3
.01L7
.Olm
.02u

P

-em

cd

l.-
.0!J74
.0381
.mg4
.0313
.o17k
.0f259
.0373
.0519

.0050

.cn52

.Wi5

.0069

.0074

.o1o7

.0158

.c@23

.0304

.0510

.onk

.-

.1535

.2074

.-

A—

cl
—

.031

.Ch54

.Ow

.131

.lw

.272

.346

.423

.019

.040

.@

.(XM

.121

.163

.=3

.246

.330

.412

.499

.5%

.704

.823

Hoil

%

.-

.Oou

.Oola

.0019

.0030

.cK52

.Ocr@
---

I
.CQo5
.00G5
.m13
.cQ13
.C#21
.0032
.0035
.m45
A&56
.W88
.Ow
.o137
.Orp
.0236

:IE!aIi

cd

).0064
.0070
.Om
.-
.01.m
.0167
.0253
.0367
---

.Cn50

.m49

:%
.007’3
.Om
.0155
.OZ?o
.Owo
.m
.0784
.1141
-E@
.2U9
.2813

T

&

z
.54
.55
.55
.57
.61
:g

.65

.%

.56

E
:%

.70

.70

.69

:Z
.51

::
.k3

—
c1

—

.033

.067

.101

.137

.207

.281

.359
---

I
.m
.040
X.51
.(WQ
.K5

:Z
.252
.336
-423
.519
.622
.731
.851

T
0
.5 JX03‘.:$
1.0
u .098 :m20
2.0 .132 g2g

i:; :?; .(X%7
:: .34; .g
. . .

.0384

.Oc&

.Oogl

.Olc%

.0126

.oI.@

.0272

.03E8

.0532

.0070

.0072

.(M74

.c083

.W3

.0329

.ol@

.0243

.o~k

.@23

.0794
+26
.I.531
.=3
.26al

.%

.57

.57

.58

.58

:$
Al
.63

.47

.47

.47

.47

.47

.47

.47

.47

.47

.48

.49
A9
.!n
.55
Xl

.m82 o.s6

.- .56

.- .56

.0W5 .!5-(

.o126 .R

.015 .59

.02-fl.&

.0385 .61

.0526 .62

.0053 .47

.0055 .47

.0359 .47

.0M7 .46

.0079 .46

.Olg .46

.o166 .46

.0231 .46

.0313 .46

.0517 .47

.0783 .47

.lJ17 .46

.1531 .46

.21XM..45

.2689 .45

.@2

.064

.097

.131

.199

.-

.342

.423‘1

.Cm8

.0m2

.0017

.W22

.C@

.c058

.Oo&

.o114

10

1
0
.5 .021 .Co@
1.0 .04a .0J07
1.5 .06a .Oo11
2.0 .C80 JYJg

?:: % .cQ24
5.0 .205 .0032
6.0 .246 .IX140
8.0 .= .(x%o
0.0 .4?6 .Ooal
2.0
4.0 :% ::24
&O .693 .0181
.8.0 .8@ .0251

.019-.0W4

.039 .0004

.059 .CQ07

.080 .0007

.121 .00I.2

.l@ .Owo

.204 .aJ26

.246 ●CQ33

.330 .aE1

.413 .(X)59

.XXJ .0091

.592 .o114

.678 .o149

.806 .W23
.

—

.
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TABLE II.- LIFT, DRAG, AND PITCHING-MOMENT COEFFICIENTS AND
BASE PRESSURE RATIO FOR AIRYOILS TESTED - Continued

(a) Basic airfoil: Biconvex to c/3, t/c = 0.02 - Concluded
(7) h/t = o, b/c = 0.33

I R-3.~x108 t R-3.%lOs I R=2.0x10e
—

R-l.OxlC)s
=J TnulSitionfixed I mfoii
deg

Airfoil ole.m

c1 % I % IPd

o

1.51.
1.5
2.
3.0
4.0

0

I
.030‘SKn
.063 .091
.09-7.0022
.130 .m3
.230 .c@8
.ql .0072
.345 .0104
.420 .0145 1

o.cc&3-- 0 c
.~o -- .031
.m76 -- .63
.w@-- .W7
.OIJ.2-- .1.30
.0171-- .1~
.0256-- .270
.0369-- .342
.@l.l - .419

)
.-
.0m!5
.0021 I

1.0%1--o
.oa62 -- --
.0070-- .W
.0C$5-- .09
.0106- .Uc
.o165-- .1%
.Oql -- .271
,0363-- .345
.@@ -- .421

0
.028‘.00C8o

:% ::
.a% Xol; .33 --
.100
.=5 .W29 :Oc!m::
.207 ,0045 .012 --

?.Z@2 .0068 .024 --
.360 .oog4 .0359--
-- --- --- --

0 .0040--
.017 .CQo3 .0C40--
.038 .Oml .cx343--
.Osl .Oo11 .0C56--
.(B4 .00I.6.0070--
.ll?l.0224 .0104--
.3$ .0332 .0156--
.2J.O.0038 .W21 --
.* .C053 .02w --
.341 .m72 .qll --
.424 AJ$ .0778--
.522 .13.37--
.625 .0138 .l~$Y3--
.739 .0170 .1765--
.859 .02kl .281.7--

).W5 --
.W9 --

:% ~~
Jw7 --
.0157--
.0243--
.0357--
.@ol --

.0042--

.Oc!J$--

.0W8 --

.W7 --

.OcKg--

.0104--

.O1* --

.0221--

.0303--

.m --

.W’7Z--

.IJ.lo--

.1535--

.2067--

.2726–-

.Oolc

.CKru

.031s

.0324.C023
.co35
,0064
.0089
.o~

.(xmC

:%
.o116

5.0
6.0

0
m

l:t
1.5
2.C
3.C
4.C

2:;
8.C
.O.c
2.C
.4.C
6.0
8.0

0 () .Co62-- 0 0
.019 .- .0063-- .019 .-
.~l .W .- –- .039 .0007
J%l .0009 .0076-- .OfQ .0008
.082 .0014 .m88 -- .C60 .CO12
.124 .0019 .0322-- .121 .wJ16
.I.66.0026 .0173-- .163 .0023
.* .0334 .0238-- .204 .0030
.- .co45 .oy.8-- .245 .Wllcl
.336 JX66 .05.26-- .32s .0953
A20 .02s+3.0792-- .411 .0J71
.5a4 .0K!4 .lI.24-- .493 .0CY39
.596 .OM .l~a -– .- .Olq
.702 .0164 .*9 -- .691 .0140
.815 .0239 .271Y-- .806 .Ol$q 1

--
:%L-
.0C52 --
.Oc%o- –
.~l --
.0106--
.0137--
.0221--
.0301--
.W5 -
.0766--
,1101 -
.15c8--
.2026--
.2669--

0

.C2c

.035

.@5

.Ws

.=

.165

.X4

.24s

.334

.416

.503

.601

0

.W

.COlo

.0m2

.CHm

.0021

.Oc&

.0035

.0044

.OXo

.0380
;g

.C@

.0222

.

.
.W1
.826

I I I

(b) Basic airfoil: Biconvex to c/3, t/c = 0.04.
(1) h/t= 1.0, b/c = O

R.3.%l& I R-3.~Oe
Transitionfixed Airfoil clean I R+. O%J.@

Airfoil clean
R.1.OXl@

Airfoil clean

bp

).53
.53
.53
.%
.=
.52
.58
--
.-

--
.-
.-
. .
--
-.
-.
. .
. .
. .
. .
--
. .
. .

9

M

ITT
%@c1 cm cd

1.510 0 0.0235
.51 .034 .m13 .a238
.51 .W .Oom .a247
.51 .102 .@z2 .a264
,51 .L36 .0CQ5 .0286
.% .206 .0038 .0373
.% .283 .CX62 .04kJ
.51 .* .0094 .O*

WI cl I cm I cd lPbjP Cll%lcd

1.45

L.98

o
.5
1.0
1.5
2.0

::;

?::

o
.5
1.0
1.5
2.0

:::

:::
8.0
0.0
2.0

::;
8.0—

o 0.02*
.035 .m13 .E@
.068 .0321 .0274
.104 .WQ9 .0293
,140 .0034 .0316
.212 .oo5k .0381
.289 .cn77 .0472
.366 .Olco .0587

.038‘.cxxo

.074 .W21

.111 .cxm

.ly .0331

.228 .-

.yy .CQ8e
. . ---
-. -..

0.0222
.-
.CQ37
.0261
.a280
.0356
.0443
---
..---1---1 --- --1---1 ---1---

1
----------0 0
-- .019 .cxw7
. . .039 .mlo
- - .C61 .cKl12
- - .030 .cK)12
-. .123 .CK117
.- .167 .0CQ5
. . .213 .cn28
-. .255 .@O
- - .345 .co~
.- .434 .c076
-- :6% .-
-- .OI.33
---- ----
----- ---

1---- .
0

.Oly .om3

.033 .~

.0s .0m6

.O& .m16

.124 .cKr21

.168 .Oam

.219 .K@

.260 .0040

.351 .c@2

.450 .(X)83

.Z .ola3

.664 .Olx

.0140

.0145

.0147

.0162

.0172

.C2n

.C266

.0337

.0423

.0641

.018‘.c#5 ‘:X

.039 ,00c6 .0187

.061 .0008 .0197

.082 .CK)1O.amo

.126 .0015 .c1247

.170 .m22 .QN1

.216 .00.28.0370

.259 .0035 .0455

.346 .00% .066a

.rj7 .c078 .c@i

.Y9 .0105 .1311

,370 0 .olb7
.36 .018 .0305 .Olm
.37 .039 .0007 .o157
.37 .050 .0w8 .0165
.37 .030 .0@39 .0177 1

.0144 - -

.0147 - -

.ol~ - -

.0164 - -

.0177 - -

.cQ14 - -

.cQ64 - -

.0334 - -

.oib18- -

.0538 --

.0924 --

.12$o - -

.1758 - -

..-. -

.-.. -

.37

:$
.39
.40
.42

.123

.K6

.210

.253

.340

.430

.0013

.CX?23

.c@6

.a335

.0351

.-

.0215

.aX6

.0334

.0419

.(%3i

.0917 .0946
.1336
.1838

.441---] ---l---
---- ----
--- --- --
--- --- -- ----- ---- -- .
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M

t.k:

..9+

=)
a~e

77
.

1:6
l’~
2.0
3.0
4.0

2::

0
.5
1.0
1.5
2.0
3.0
4.0

2::
8.0
0.0
2.0

:::
8.0—

TABLE II.- LIFT, DRAG, AND PITCHING-MOMENT COEFFICIENTS AND
BASE PRESSURE RATIO FOR &lIIFOILSTESTED - Continued

(b) Basic airfoil: Biconvex to c/3, t/c = 0.04 - Continued., ,
(2) h/t = 0.6, b/C = 0.05

d:g

o
.5

::;
2.0
3.0
4.0

X

o
.5
1.0
1.5
2.0
3.0
b.o

2:;
8.0
10.0
u!.0
14.0
16.0
18.0—

R-3.5XK)6 R-3.~& R-2.0x10°
Tranaition fixed

R-1.O%l&
Airfoil clean AA&oil clean M.rfoil C1C8U

‘=1 %

) o
.034 .Ccn8
.067 .W3.2
.102 .W4Q
.137 .W31
.212 .W
.288 .Olw
.364 .Olq
--- ---

1
.Ols0.0339
.038 .0013
.Ow .W19
.0% JX#
.122
.165 .W40
.209 .Oop
.253 .CC43
.341 .CQea
.430 .mg4
.51.8.0128
--- ---
--- ---
--- ---

cd

.a233

.cx?37

.0249

.ce68

.a2@

.035A

.0440

.W54
---

.01s

.0160

.0164

.olk7

.Ol%

.0223

.C.z’-fk

.0340

.ok?4

.0535

.Oglz

.1258
---
---
-

%/p c1 %

0.510 0
.51 .034 .cQ18
.51 .67 .cn26
.51 .m .0035
.Z .i% .Cclh

.53 .mg .0064

.> .285 .W94

.57 .363 .0135
-- --- ---

.410 0

.40 .020 .Culo

.~ .04Q .0X2

.40 .til .0015

.40 Z& .0318

.41 .125 .0326

.41 .167 .0338

.41 .212 .-

.42 .254 .cnfi-r

.43 WJ .CGsl

.45 .0109

.4 .21 .0138
-- --- ---
-. --- ---
-- --- ---

cd

,.CZ21O
.a?15
.@24
.ce43
.0263
.0326
.0417
.05%

pb~ c1 %1 cd Pbp Ct

0.% 0 0.019 0.630
g .o&4‘.cnl: .= .63 .033

.62 .066
:g h; :CK# :(3232.61 y3

.x :209 .0068 :E$ :3 .218

.y .284 .0103 .Oho .% .258

.57 .359 .0145 .05Q6 .59 .375

---l --l---l ---l ---l --l---
.0135 .420 .0K3 .% o
.013 .42 .OI.80.Wlo .o126 .% .OI.8
.0140 .42 .03g .allb .013 .55 .Og
.0151 :f .cg .= SJcn$ :2 .Og
.o163

.41 :124 :0029 .olg-3.52 :326
:Z .41 .168 .CQ42 .0246 .51 .171w

(3) h/t = 0.3, b/c = 0.05

T
%cd M@

.018J+ 0.7’2
.0019 .0191 .71
.0026 .U?ol .70
.0047 .a?32 .69
.0053 .C2a .67
.027g .a325 .65
.0)26 .0419 .63
.0176 .051i3.m

---1 ---1--
.0114 .61

.cros .0114 - -

1
.m16 .Ollg - -
.0s27 .0UJ2 - -
.0ce7 .0145 --
.cK137.0183 - -
.C056 .a236 - -
.(X%5 .o@5 --
.0075 .03go - -
.O11o .0@4 --
.013 .- --
.O1-pi.1273 - -
.cQ25 .1763 - -
.cQ91 .2372 - -
---- ----

R-3.-08 I R-3.M08 I R-2.0x106
Transitionflxcd Akfoll cleen Airfoil clean

ctl~lcd

o
.035 .0C2:
.070 .m3E
.104 .Wx
.142 .Oo&
.212 .mgh
.287 .0131
.359 .03.64
.435 .01%

o
.019 .=
.041 .ml~
.*1 .0&2c
.092 .cxx~
.U4 .cYJ34
.I.6a.aw
.214 .0261
.255 .(XI74
.342 .Olof

-L
.432.014s
.yl .0183
.619 .a?~
.725 .Ow
.8 .Ow

.0137

.Oug

.0144

.0153

.ol&

.a203

.C255

.03?3

.0403

.0613

.08$n

.1237

.1679

.22).2

.2840

?-t/P‘=1

1.390
.40 .034
.40 .0s6
.40 .lm
.40 .137
.41 .207
.42 .282
.% .359
.61 .436

.440

.44 .024

.45 .043

.45 Sks;

.45

.45 .E6

.45 .167

.45 .210

.45 .254

.45 .341

.47 .426
~~ .~51

.% :T20

.61 .83JJ

I R-1.Oxl@
Airfoil clean

0.01780.510 0 0.o161
.0019 .ol@ .9 .032 .mlg .0167
.cK130.olg2 .y .0% .cn33 .0176
.m.o .OXS .50 .la? .W43 .01%
.m50 .Q29 .9 .1% .Ooz .0216
.m73 .0289 .55 .207 .c078 .@&
.Owr .0378 .55 .* .0KL7 .0374
.ol~ .04g7 .57 .361 .o165 .0494
.@lo .@o .60 .436 .a222 .0636

.Oxe

.0313

.an8

.W21

.0330

.0042

.al$

.CC67

.*

.o127

.ol@

.0203

.ce67
A!w?

.0L12 .U2o 0 .Olm

.0115 .42 .CQo .Cm2 .o1o3

.Ollg .42 .039 mom .Olti

.0128 .43 .060 .0C22 .o125

.Olho .43 .082 .LW26 .Oug

.0176 .43 .W2 .0w5 .0167
:U227 .44 .165 .cC513.cQ18
.WJ3 .45 .z~ .- .W*
.0378 .45 .250 .m .0364
.0585 .47 ;%4 mlol :OJ6J
.cm~ .47
.12a2 AJ .% :0171 .l18g
.I.634
.21@ ;% :%8 :%; :Z2
.2824 . . .Oyfo .2868

o 0

1
.01470.79

.034 .W21 .W5 .79

.070 .0337 .0165 .79

.107 .@ .o18g .78

.144 .ms8 .a20s .76

.218 :% ;:3;: .~4

.300

.382 .Olgg .Oz :71
-- -1 ---1---1--

U
.&?o
.62 .013 .cnll
.61 .033 .-
.58 .053 .0032
.% .074 .me
.% .116 .w43
.% .la .0w2
.55 .209 .W’74
.> .2h9 .0385
.55 d333 m~
.53
.48 .531 .0194
:$ .$x .0248

.40 :868 ::%

Xncn .75
.75

.o14g ,74

.a?m .72

.0265 .68

L
.035i .70
.0559 .65
;g5; .%

.55
.16yf .53
.’a?i-g.48
.2 .43
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TABLE 11.- LIFT, DRAG, AND PI!TCH12TG-MOMENTCOEFFICIENTS ANO
BASE PRESSURE RATIO FOR AIRFOILS TESTED - Continued

(b) Basic airfoil: Biconvex to c/3, t/c = 0.04 - Continued
(4) h/t = O, b/c = 0.05

R-3.5XIOe R.3.5x10E R=2.Oxl& R=l.OXI.&
“.. Transitionftied Airfoilclean Airfoil clean Mrfoil clean

MI‘;gt7=-T=- cd php ‘=1 % ‘a Pbp

,.0146-- 0 0 0.0137 --
.Oly -- .033 .IM28 .Olkl --
.Olm -- .067 ;% Sllol --
.0177 -- .lcn
.0196 -- .136 .(w8’f:o186 ::
.L125 --

?
.209 .0130 .a53 --

.031 -. .284 .0183 .0340 --

.0457 -- .361 .cQ37 .0461 --

.0503 -- --- --- --- -.1
1.45 0 10 10 10.0168 .- 0

-- .032
-- .063
-- .6’6
-- .130
-- .1~
. . .2’70
-. .343
.- ;420

) o.ol~ -- 0
.KX25 .Om -- .031
.0040 .0170 -- .264
.m5k .0186 -- .~
.cC66 .c@05 -- .131
.0097 .a26k -- .201
.0138 .0345 -- .273
.0189 .04~ -- .3X
.0249 .Ow -- .42:

0
.Owo
.0042

:%
.0104
,Olyl
.0203
,a%o

.032

.064

.@

.19

.201

.273

.345

.418

.oa26

.m47

.0X5

.ml

.0116

.0161

.Ceol

.0171

.o182

.0199

.0219

.0279

.0360

.0466

.0672.02451

1.* o 0 0
.5 .019 .W14
1.0 .039 .0023
l.? .o~ .Owg
;.: .osg .%4

k:o :163 :(X46
.2o4 .(X%3

z:: .247 .Olca
8.0 ;;: :ol&g
10.0
1.2.o .734 .0228
::.: .* .G2w

.701 .0359
18:o .~ .0428

.Ou?l

.0123

.03S’7

.0136

.0148

.ol&

.cr2yL

.0293

.0373

.oy3

.0836

.u67

.1s1

.2110

.2714

.-3 -

.W5 -

.* -

.01C8 -

..- -

.01* -

.mo4 -

.0265 -

.0349 -

.@7 -

.ca13 -ill
-o 0

.017 .00I.6

.039 .m24
- :% .oo~:

.121 :cxl%

.163 .CFW!I
- .* .o1o7

.251 .0127

.332 .ol&

.424 .-
- .% .(XX8

.626 .0312

.737 .0386

.84 .046

-.
-.
-.
-.
-.
-.
-.
-.
-.
-.
-.
--
-.
.-
. .

0 0 .Olm --
.C20 .co14 .0103 --
.040 .GCr22.0107 --
.063 .0C28 .0117 --
.080 .cn33 .0128 --
.I.21.cn46 .0163 --
.162 .@ .Wll --
.204 .m78 .CQ72 --
.246 .0393 .03522--
.328 .0130 .~ --
.413 .0167 .0813 --
.W .02G3 .1149 --
.~ .cl?~ .L557 --
.697 .0326 .2081 --
.810 .0423 .2723 --

0 0
.019 .IX114
.040 .ax?l

1
:%
.-3 --
.Olti - -
.0114 - -
.0146 - -
.0198 - -
.(X261--
.0345 - -
,Oya - -
.*1 - -
.1181 - -
.1640 --
.w --
.28 - -1

.(%0 .Oml

.079 .0037

.1.21.CQ55

.163 .m73

.204 .W!aa

.247 .0105

.329 .0144

.415 .o183

.504 .0220

.604 .a273

.713 .0347

.&4 .04

●

✎1
.1172-
.l~ -
.2134 -
.2774 -

(5) h/t = 0.6, b/c = 0.33

Ml~l-+?:’xed 1
R.3.X106 R@ .OxlOe I R-1.Oxl&’

Airfoil clem Nrf.cil clean I Ml-foil ‘lea

@ c1
.74 0
.54 .037
.9 .073
.% .107
.54 .147
.54 .222
.55 .301
.55 .%4
.- ---

.460

.44 .019

.46 .041

.h7 .0s2

.47 .G35

.46 .W

.46 .173

.47 .219

.47 .26f2

.48 .3
,48 .4c
,48 .539
,44 .653
.40 .767
,40---

% ‘a

) 0.0175
.0a8 .ol&
,m5 .0188
.cx133.0206
.0340 .0228
.oo~ .0294
.c!oy .0386
.0132 .0735
--- ---

1 .0112
.Oo@ ml:
.0m2
.00I.8 .o129
.cm!o .0139
.0325 .0178
.0035 .0229
.(XI43.0298
.cxye .03i33
.CQ74 .o~
.aw .0378
.0128 .K35
.0173 .1699
.0237 .2274

cd “@l ‘2 I % I % Iwl ‘2

3.460 0 O.olm 0.510
.45 .032 .0019 .ol~ .y .032
.45 .Cb5>.0CE4 .0198 .p ,c&
.45 .101 .cK132JY215 .x .102
.44 .136 .cn37 .m~ .x .137
.41 .208 .cxJy5.0301 .~ .210
.37 .283 .CQ84 .0391 .51 .285
.36 .@ .0124 .0510 .51 .364
.42 .438 .0174 .(X555.53---

1.45 0 0
.5 .0370.0019
1.0 ,069 .IW28
1.3 ;100 .0040
2.0 .CQ48
3.0 .214 .0373
4.0 .293 .OI.03
y.o ,366 .0130
6.0 .445 .0160

1.ce13

:E
.02~l
.0274
.0341
ok@
.0545
X)688

.0147

.0149

.012

.0162

.o17k

.021.2

.026

.033?

.Okla

.0630
yl;

.1719

.2264
-

10.01590.63
.0173 .%
.0178 .5!3
.C203 .%
.a225 .55
.0293 .%
.01X39.~
.o~ .60

.Oa?l

.-

.0036

.0044

.Q373

.OII.2

.ol~
---

1
.0x)8
.W13
.0019
.(W21
.CKQ6
.0042
.CF349
.C@
.*
.0113
.0130
.a?ol
.Wo

--- -.

.ol@.61

.0106 .60

.ol.@ .x

.o125 .57

.o13a .~

.0178 .%

.0227 .fl

.ce~ .y

.033 .y3

.0600 .%

.W .!77

.=64 .53

:x :I?M
1.98 0 0

.5 alol0.m9
1.0 .0Q13
1.5 .051 .0016
2.0 .@? .oo16
3.0 .125 .W24
4.0 .169 .0033
5,0 .215 .0043

,;:; :Z :%%

U2:o :;7 ::K
14.0 ,629 .0186
1.6.o .737 .0243
18.0 ------

.390

.* .01s

.38 .0.3$

.3 .06c
:% .*

.124

0
.Cm8
.Cml

.0124

.Olzn

.01Z!9

.o138

.Olm

.0S8

.02401
.370
.36 .02c
.36 .041
.37 .062
.37 .080
.37 .K3
.* .m
.38 .213
.39 .J2%
.40 .3m
.42 ,432
.45 .724
.43 .629
.40 ;;42
.-

.0014

.0m6

.(X$23

.W30

.@+o

.0048

.CFql

.*

.0126

.0160

.@20

.59 .167

.39 .214

.40 .2
T.42 .34

.43 .434

.45 ;%;

:Y .730

.0308

.0391

.o@3

.0382

.1233

.1671 .

-1.2229-------- . . . 1

.
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TABLE II.- LIFT, DRAG, AND PITCHING-MOMENT COEFFICIENTS AND
BASE PRESSURE RATIO FOR AIRFOILS TESTED - Continued

(b) Basic airfoil: Biconvex to c/3, t/c = 0.04 - Concluded
(6) h/t = 0.3, b/c = 0.33

R-3.5x108 R.3.5xl& R=2.Oxl&
Tramition fixed

R-l.OxlOs
Airfoil clean firrOil CIH tirfoil clean

—

M

—

1.4:

L.9

o 10 10 Io.oleoo.kslo 10 Io.o16510.~to ~ 10.015710.721010 1o.o16010.54
.5 .032 owl

1.0 .066 .CK135
1.5 .W .0045
2.0 .133 .my
3.0 .m .0386
k.o .277 .OI.22
5.0 .351 .0155
6.0 .426 .Olgl!

.43

.k3

.43

:ti
.45
.47
.48

.031

.C64

.-

.133

.203

.279

.32

.&7

.Ozo

.Oow

.Oq@

.CKM

.Oo-fl

.Olti

.ol~

.0204

.0170

.0179

.olg6

.a?17

.m

.0367

.0481

.48

.48

.49

.%

.48

::
.9

.Oy

.d5

.101

.135

.W

.281

.359

.433

.allg

.-

.CK)43

.0045

.W5

.Ollz

.ol~

.0212

.0163

.0172

.019

.0211.

.c@75

.03.54

.0481

.0627

.p .036 .0321

.% IO& g3J

:% .143 .0053
.55 .Z20 .0Q37
.59 .295 .W
.60 .373 .0174
.61--- ---

.0161

.0171

.olg3

.U210

.cz?76

.0365

.0487

.%

.9+

.*

.%

.61

:%

---
.0193
.CQ13
.0234
.cQg
.0379
.Owa
.0630

.0126

.Om

.0132

.0140

.0153

.ol.8g

.cQ39
Jw9
.0384
.05go
.08>
.11*
.l@5
.21~
m

.06231 ---

.W

.01(3?

.Olog

.0119

.0131

.o166

--

u.420 0
.42 .017 .W1O
.42 .036 .(X)15
.42 .W .Cmo
.42 .O@ .cw22
.42 .118 .00?2
.42 .15g .0042
.43 .201 .0051
.43 .243 .tib
AJ .Eg .9=1

.kg :495 :Olp

.* .5gl .O1*

.61 .694 .@35

.62 .&l .0247

.Olq

.Olcp

.o114

.0121

.0134
am
.0217
.m
.0357
.O*
.o&5
.1153
.Imo
.2110

.38 0

.* .CQo

.38 .039

.38 .059

.38 .085

.38 .123

.41 .164

.42 .203

.43 .245

r) I

U
000
.5 .019 .m13
1.0 .039 .0017
1.5 .05g .W21
2.0 .O%J .032s
3.0 .121 .0335
4.0 .164 .cak7
5.0 .206 .@*
6.0 .249 .W1
8.0 :;~; .O111
0.0 .0134
2.0 .* .0171
4.0 .6JyJ.crao
6.0 .7m .0285
8.0 .815 .0349 N

.460

.46 .020‘mm

.46 .042 .COL5

.46 .0s1 .0cQ2

.46 .081 .mg

.47 .123 .0039

.4g .167 .Wz

.52 .206 .m66

.53 .250 .til

.55 .336 .0115

.53 .42k .cw

.49 .517 .Omg

.@ .622 .cE47

.40 .732 .030g

.b .841 .0 0

.0103

.0105

.0113

.0E20

.73

.74

.73

.73

.73

.70

.69

.69

.67

.641
.0015
.0017
.Co20
.cKQ4
.m34
.C047
.-
.0066
.m3
.013
.o162
.0211
JX79
.0363

.0135

.0167

.u18

.02n

.O*

.m

.#3w

.1164

.1327

.2m2 1
.CQ17
.02-fs
.03&
.057
.0842
.llyf
.1663
.2225
.283’7

.45 .32i

.45 .414 .59
.55
.9
.44
42&L

.4-4 .9

.42 .~o

.42 .6n

.47 .&wL

(7) h/t = O, b/c = 0.33

R=3.9JOS
Transitionfixed

M
d;;

1.45 0
.5
1.0
1.5
2.0
3.0
4.0

2::

,.m o
.5
1.0
1.5
2.0
3.0
4.0

2::
8.0
loo
u .0
14.0
16.0
18.0

R=3.5xloe

I

RG?.CCUCP
Mrfoil cleen Airfoil cbmn I

R.l.OXlOe
Airfoil clean

c1

T
cm cd

D o.o14
.(XQ3 .0151
.cn39 .0161
.0054 .Olm
.cxY57.O1*
.Oogh .02m
.0133 .0340
.0184 .0455
.0243 .0594T

Pb cl

--
-. .03-2
-. .0s5
--.099
-- .135
-- .20k
-- .278
-- .353
-- .@

T
%%

) O.oug
.oa22 .0143
.OC@ .O1*
.0053 - - -
.0065 .019
.CK)g7 .0249
.0142 .037?IT

c1 cm cd

o O.olg
.09 .m24 .o16c
.M5 .CU43 .Om
.oy7 .C064 .o185
.130 JXJ79 .@
.lg8 .0UL4 .CQa
.269 .0155 .0348
.340 .olg5 .045L?
.412 .C237 .0595

I@—
--
--
--
--
--
--
--
--
--

.-
--
--
--
--
--
--
--
--
--
--
--
--
--
--—

T
+@‘1

-- 0
-- .0s
-- .064
-- .101
-- .I*
-- .21.f
-- .285
-- .36?

cd

o.o13.1
.0133
.0145

:02;
.CQ47
.036a
.04%

I
.C034
.0057
.02+53
.m
.0123

--
--
--

.034

.065

.W

.ly

.201

.273

.349

.424

-.
--
--
--
--

.017Z

.C@.olg2 .0455
.0254 .05g7 --- --

) 10 .0118
.0120
.0124
.0134
.0145
.ol.&
.Cq!o
.-

:&i
.ca43

.m%

:&---
.O11o
.0146
---

) .m7 -- 0 0
.0190.K113.c@ -- .019 .0014 :Z
.038 .W119 .0105 -- .03g .W22 .0095
.059 .0U26 --- -- .C60 .mZ9 ---
.079 .0031 .0126 -- .* .W34 .0118
.118 .W43 .o15g -- .121 .cr349.ol~
.D50 .Cos .c1208-- --- --- ---
.203 .00E .G270 -- .205 .- .CQ64
.244 mea .0349 -- .247 .00$8 .0342
.m .o122 --- -- .330 .01% ---
.413 .Ola --- -- .415 .o171 .W
.499 .olg8 .1143 -- .5C13.Cell .1146
.593 .(X41 .1554 -- .691 .@61 .1776
.693 .0311 --- -- .712 .0339 ---
.&5 .0411 .2697 -- .&o .04~ .2753L

--00
-- .X9 .0019
-- .0% .CCQ9
- - .qw .W45
-- .076 .cox
-- .120 .CE66
----- ---
-- .203 .@
-- .249 .0119
-- .329 .01%
-- .416 .0199
-- .514 .ce44
-- .6U .03S2
- - ~j25 mJt2
--

.

--
--
.-
--
--
--
--
--
--
--
--
--
--
--

.CQo.m12

.040.CKE!l

.L%l .azlc

.081 .0334

.123 .W47

1
.165 .ti4
.2q .lmw
.249 .mq
.334..0135
.422 .0177
.xl .0223
.&5 .0281
.708 ;03~

.CPfi

.0339
---

X&
.1612
---

. .U84
.IEC8
.2E2
.27@
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TABLE II.- LIFT, DRAG, AND PITCHING-MOMENT COEITXXENTS AND n

.

BASE PRESSURE RATIO FOR AIRFOILS TESTED - Continued
(c) Basic airfoil: Biconvex to c/3, t/c = 0.06

(1) h/t = 1.0, b/c = o

R-3.5xl@
Transition fixed

Rm3.5x10e
Airfoil clean

T

c1 % cd

o o.oh4
.036 .Ca21 .0423
.07+2 .@mo .0436
.108 .C!C61 .0458
.142 .cK176 .0477
.219 ,om5 .0551
.293 ;:13; .0643
.370 .0763

I
R=2.OW.Oe

I
E.1.O%lo=

Airfoil clean Airfoil cle=
M

b~ =1 % cd -P c1 cm

.53 0 0.0415O.p o o—

.p .0% ‘Z&2 .0427 .51 .038 .W2’i

.51 .073..0042 .0441 .50 .07> .co46
.107 .(D62 m~9 g .110 .cC.64

:; .143 .Co7’7 .149 .*
.X .218 .0106 .05y .49 .226 .0113
.x .2% .0140 .W6 .y .@ .0148
.p .371 .0171 .0738 .56--- ---

T
‘d P

.obl-ro.5h
.ok~ .53
.oh45 .51
.0461 .y?
.0481 .p
.0% .53
.0624 .f?5

k+’
z
.55
.9
.53
.53
.53
.53
.!%
.-

.43

.U

.40

.40

.40

.40

.41

.41

.42

.43

.45

.47

.49

s

1,4:

L.*

—

o
.5
1.0
1.5
2.0

u

2::

0
.5
1.0
1.5
2.0
3.0
4.0

2::
8.o
.0.0
2.0

::::
Q

o 0.0451
,035 .0015 $.44!
.070 .cn32
.105 .cn51 .043J+
,139 .Cx360.Oyx?
.214 .0032 .0%
.289 .0108 .Mn
.X7 .oly .0767 -- -1--

I---- -.. .

1
--------

.0255
.020 .0010 .02%
.040 .0317 .0267
.062 .0023 .CW8
.c84 ------
.128 ------
.173 .0347 .0384
.217 JX@ .045JI
,262 .0371 .05&
.39 .Oloo .0769
.446 .o13k .1G57
.541 .0175 .14.43
.642 .0229 .1915
.7@ .02%2 .2489
.8 .031 . 1.67!
--------
,400
.40 .Csw ‘.0G139
.39 .041 .00L7
.* .ti5 .ow~
.38 .036 .c028
.39 .131 .0040
.39 .17 .032
.40 .222 .(X%3
.40 .263 .0376
.40 .359 .O1O6
.41 .451 .ol&
.43 .547 .OI.85
.45 .653 .a?k?
.43 jff .~4
.4 . 1
---
.CQ55
.G@
.u264
.0278
.CZ+2
.0333
.0387
.0455
.0546
.0774
.1076
.1460
.1949
.2541
.

--1---1 --- .- -1--

1
,a286

.cE1‘.CC@ .CQ93

.042 .a)17 .0301

.C64 .CC23 .0313

.035 .Owg .0324

.129 .0039 .0365

.176 .W53 .O&cI
.0491

:% ::;; .0%1
.359 J311; :~”
.451
.547 .0201 .1486
.6L0 .0227
.744 .0263 :i~-
.8 .0301 .31

.Oan .48

.0242 .48

.G?45 .48

.CZ259.h-(

.02m .47

.03.16.46

.0371 .46

.0444 .45

.@40 .45

.Om .b5

.10+?5.b5

.1505 .k5

.2015 .45

.2&r2 .43Ji
.400
.40 .cQ1O.OO11
.40 .042 .oo16
.39 .067 .0027
.39 .@ .Oow
.39 .136 .0344
.39 .182 .-
.bo .227 .0269
.40 .277 .cD35
.41 .368 .0U8
.42 .463 .ol~
.43 .559 .a2@
.44 .678 .0269
.42 .’f85.0310
.41------ ---- -

(2) h/t = 0.6, b/c = O.0~

I
R=3.~~

I
R-3.5X105

I
R@ .OxlOa

I
R=l.Oxl@

a. Transition fixed Airfoil clean Airfoil clean Alrfoll.clean
M I 1 1

%/% c1 Cm cd %+’ c1 ‘m ‘6 P@ c1 cm ‘a map

Ezimi
.Om
.039:
.(j@
.Owl
.0514
.o~
---
---

1.4:

L.%

o 0
.5 ,032
1.0 .M7
1.5 .101
2.0 .136
3.0 .206
4.0 .28C
5.0 .35A
6.0---

0 0
.5 .a?c
1.0 .044
1.5 .061
2.0 .C82
~.: .12s
. .170

2:: ::;
800 .3@
.0.0 .439
2,0 .531
.4.0 .62h
.6.0 .728
.8.0 .837

) 0.0419
.(XQ5 .0423
.0048 .0433
.0072 .0449
.0089 .0470
.Ollg
.0154
.0195

) 10.0397

I 1
,57 0 0.0363O.m o
.- .033 .0027 .030 -- .Oy
-- .065 .M53 .0313?-- .q3

y :?$ WJ :%J :5; ::$

:5; .268 .0168 :056-9:5; :E;
-- .336 .CQo5 .C674 -- ---

0
.0030
. Ww
.0%6
.o1o6

.% .035

.56 .059

.55 .102

.55 .137

.55 .209

.wr26 .0401

.W153 .0415

.cx378.0433

--
. .
.-

.m-r .043
W& .W3

.C611
.0212 .0727

.59
.0530
.C613
.0725
---

I

.0150

.0195
---

.5s.25+?

.% .355 .-
-.---

3
.0014
.W25
.0036
.co43
.-
.0377
.00$!6
.0117
.0163
.0218

-. 1---1 ---1 ---l --l---l ---l ---l --l---l ---
.cQ65
.a269
.0277
.0288
.OKXI
.0340
.0392
.0460

.cQ26 ,~

.cQ26 .%

.@29 .%

.~44 .55

.a2y5 .54

.03CI?.53

.0354 .y?

.0425 .51

.Opl .%
:07;, .p

.1472 :$

.1945 .%

.2722 .461
.450
.44 .020 .0011
.43 .042 .W23
.43 .& .C034
.44 .08b .0041
.44 .126 .00%
.44 .171 .0073
.b4 .214 .-
.&5 .253 .0108
.47 .347 .Olbg
.~ .439 .0195
.y .552 .0249
.55 .630 .0315
.57 :;? .O*
. .ok!oJ

.CQ42

.0244

.CQ51

.0262
,0276
.0315
.oyj3
.0437
.0523
.o-f42
.1035
.lb
.1854
.21+17
o U

.460

.45 .C20 .Km2

.44 .041 .0m2

.44 .063 .0034

.44 .034 .0338

.44 ,129 .CC@

.44 .1-(3.C075

.I+4.218 .ocg

.44 .264 .OU1

.44 j~ .0154

.45 .02a)

.45 .537 .CQ%

.45 .639 .0324

.44 .746 .0363

.47 .8 .041

.CQ39

.a?41

.cd!47

.@a

.0272

.03i5

.0370

.0440

.097

.0749

.1040L
.490 0
.J49.mo .0016
.48 .043 .W30
.48 .cY57.cM24!3
.47 .C& .cn~l
.46 .131 .0072
.45 .178 .OW
.44 .223 .0105
.44 .270 .0U?6
.44 .361 ,0175
.44 .455 .W22
.W .559 .cQ83
.45 .&5 .039
.43 .771 .0403
.42------

%

.09

.076?

.1055

L

.mT( .1417

.0321 .1847

.0372 .2394

.042 . 49 J
.135?3
.1884
.2455
.122

●

.
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TABLE II.- LIFT, DRAG, AND PITCHING-MOMENT COEFFIC- AND
BASE PRESSURE RATIO FOR AIRFOILS TESTED - Continued

(c) Basic airfoil: Biconvex t~ c/3, t/c = 0.06 - Continued
(3) h/t = 0.3, b/c = 0.05

R-3.-e R.3.5XlcF R=2.0x108 R.1.OK&
a. TrUIEitionfH Ml-foilclean Mrfoll Cle.sn M17?ofl clean

M

—

1.4:

1.9!

—

—

M

m

2.0

—

‘ml=
1 1 I

IP@ ‘=1 % I % tvl ‘1 I WI I % b I ‘1 % ‘% E-bpcd

IT
o 0

.5 .033 .ccQ9
1.0 .067 .00%
1.5 .m .0381
2.0 .134 .01(22
3.0 .203 .0139
&.O .274 .0178
5.0 .346 .0223
6.0 .417 .*

‘.0369
.0Y3
.0381
.0s
.0416
.0472
.o~
.C&o
.07eo

.ag

.U232

.cE37

.Cekg

.0262

.0301

.0372

.Obla

.Om

.0710

.0594

.1356

.1770

.=5
m

o.~ o
.* .03k
.57 :06;
.!77
.g .136
.* .205
.= .279

;6& .32
.423

0
.0029
.W53
.cKx35
.Olcll
.0149
.O1*
.0239
.0289

O::slg

.0355

.031

.0395

.046Q

.O*

.06s

.0794

0.% o 0 0.03330.(9o
.fl .033 .0227 .0338 .60 .03a
.y .cEa AX&T .0343 .6a .073
.g .lIX .Oo% .0366 .60 .Ilo
.!77.136 .O1.1.1.0387 .60 .144
.’yl.209 .0153 .0457 .* .220
.3 .282 .0199 .0544 .x .297
.*
.61

.354

.428
.cQ43
.0331

.c658

.0761
.53
.78---

.373

1 10.0326]0.70
.W39.
.mn
.0105
.Olw
.0178
.w26
.a281
---

)
.0316
.(XX2
.0345
.0361
.m84
.Olq
.0129
.0148
.am3
.0265
.0338
S)41;

,0517

.0328

.0339

.O*1

.0379

.04~

.0541

.MA

.70

.70

.70

.70

.69

.68

.69
----- I

U
.440
.44 .020°.w6
.b3 .041 .o@8
.43 .051 .m39
.43 .083 .0348
.43 .125 .m65
.43 .168 .tib
.L4 .212 .0103
,43 .255 .0127
.45 .342 :&7g
.2 .431
.54 .= .U?$x3
.- .617 .crw
g .71; .$31

. .

.W05

.Ced

.0213

.02,?sII
.500 0
.50 .= .0015
.4.9.042 .W31
.4 .* .KJM
.4.9 .M4 .Coz
.49 .127 .m72
.48 .172 .LXyn
.47 .215 .o114
.48 .260 .0133
g .347 .0185

.435 .a?41
.46 .x .0305
.43 .@8 .0379
,40 ::* .ok~
.4 .05cQ

.01$6

.Olw

.c1205

.C21a

.610

.61 .020

.60 .042

.& .064

.% .083

.59 .128

.% .172

.% .217

.% .264

.% .353

.53 .443

.49 .*

.W .646

0 10 )
.mlb
.cw28
.co41
.m49
.C@a
.W@
.OLLO
.0133
.OI.86
.0247
.0317
.0370
.0431
J!!%

.71

.71

.71

.71

.5 .cz?l
1.0 .042
1.5 .061
2.0 .082

1
.0239
.cQ78
.03?9
.03g6
.0478
.0s91
.~l
.1332
.1754
.23q
.2

.C231

.cQ72

.0324

.0391

.0479

.W593

.0978

.1340

.I&14

.70

.69

.69

.641
3.0

;:;
6.0
8.0
.0.0
2.0
.4.0
6.0
.8.0

.125

.la

.211.

.

.253

.341

.kyl

.Y5

.Ci20

.65

.63

.!57

.55

.5Q

.47
44k-2A.2359

.2 Slsa
(4) h/t =0, b/c =0.05

R-3.5xld R-3.5x10e R-2.O~& R-1.Oxl@
u.. Transition fixed Nrfoil clean Airfoil clean Airfoil cl-em

d;; —
‘=1

o 0
.5 .01!2
1.0 .ti5
1.5 .W7
2.0 .129
3.0 .195
4.0 .263
5.0 .333
6.0 .400

0 0
.5 :=
1.0
1.5 .0$3
2.0 .081

.lz!l
::; .163
5.0 .205
6.0 .247
8.0 .331
0.0 +19
2.0 .y3g
k.o .598
.6.0.E@2
.8.0.790

rmap ‘1 %

-- 0 0
-- .034 .cn33
-- .055 .cos5
-- ;% .W3
-- .o117
-- .19 .0165
-- .263 .0218

cd -E’bp c1 % cd tip c1 * cd PI@

1.03C8 -- 0 0 0.U2$?7 -- 0 0 0.CQ95 --
.0312 -- .032 .CW2 .- -- .033 .m40 .- --
.Ow! -- .065 .0%5 .Om -- .058 .03’74.- --
.0338 -- .098 .cwr .0328 -- .lo~ .ol~ .097 --
.0358 -- .1* .0321 .03~ -- .138 .0135 .0348 --
.0420 -- .201 .0171 .0417 -- .2’10.0193 .0415 --
.0505 -- .27k .U?26 .0503 -- .283 .cG!* .Opb --
.0611 -- .341 .C280 .0611 -- .355 .0312 .C410 --
.c@!2 -- .406 .039 .0721 -- --- --- --- --

.Olao -- 0 0 .0176 -- 0 0 .0174 --

.ol& -- .019 .0217 .0179 -- .a?o .0316 .0174 --

.O@ -- .039 .0033 .01.84-- .039 .cog .0175 --

.0199 -- .@E! .0249 .ol* -- .qsa .~ .oi89 --

.0211 -- .078 .0059 .U?C8 -- .079 .0G64 .UXn -’-

.cQ49 -- .118 .cxw .ce45 -- .120 .cw93 .CQ42 --
X298 -- .1% .OLU .cQg6 -- .162 .o127 .CQ91 --
.0360 -- .200 .0134 .0353 -- .202 .013 .0356 --
.o~39 -- .243 .0161 .0438 -- .2b7 .ol&l .0441 --
.0594 -- .327 .U?15 .C%42 -- .333 .0?41 .C6y --
.0sQ9 -- .412 .Cl%3 .0911 -- .421 .0299 .0929 --
.1255 -- .* .033 .1260 -- .5?3 .0?74 .1311 --
.1676 -- Am .w2 .1701 -- .625 .0453 .lml --
.2174 -- .701 .0490 .2228 -- .’p2 .0517 .22& --
.2781 -- .833 .0549 .2834 -- .E!23.~ .2~3 --

T
0.0341

.0335 .0342

.0366 .0348

:% :%;
.o164 .0436
.0213 :gll
JX?66
.0318

L
--.336 .cz?73
-- .% .Ow

-- 0
-- .019 .m18
-- .038 .0034
-- .W .mhg
-- .077 .m60
-- .U7 :%
-- .1X
-- .1% .0126
-- .240 .Olz
-- .93 .am
-- .410 .a?ji-r
-- .kw .oy20
-- .55Q .0392
-- .0!71
--:%.34

.q42

.CQ17

.Ce20

.a225

.CQ36

.W+8

.ce86

.0335

.W3

.0479

.0681

.W53

.1303

.17c?51
.fxl16
.am
.aJ46
.-
.0030
.0104
.0128
.01%
.0214
.W-7
.0349
.0404
.0469 .22a2
.04 .2791

.

.
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TABLE 11.- LD?T, DRAG, AND PITC!EING-MOMENTCOEFFICIENTS AND
BASE PRESSURE RATIO FOR AIRFOILS TESTED - Continued

(c) Basic airfoil: Biconvex to c/3, t/c = 0.06 - Continued
(5) h/t = 006, %/c = 0.33

T-
M d::

1.45 0
.3

::;
2.0
3.0
4.0

1.98 0
.5

1.0
1.5
2.0
3.0
4.0

1
2::
8.0
10.0
1.2.o
14.0

%::

d:;

r
.

l:i
1.s
2.C
3.C
4.C

2::

0
.5

::;
2.0
3.0
4.0

2:;
8.0
0.0
2.0
4’.0
6.u
8.0—

R-3.~Oe R-3.5xl& R=e.oxloe
Tmnsitlon fixed

R-l.OxlOs
Airfoil clean Airfoil clean Airfoil clean

T
c1 cm cd

o 0.0378
.035 .cm5 .Oag
.069 .0349 .0395
.104 .W .041J.
.139 .0090 .O%l
.208 .0116 .0489
.281 .0147 .0573
.355 .o184 .IW35
.429 .0225 .0809

).54o 0 0.0334O.g o 0.0335O.* o 0.03300.61
.33 .034 .ocQ5 .0338 .* .0340.0024 .0339 .55 .0350.m9 .0331 .61
.Y .070 .~49 .03~ .55 ;% .ms; .03% .55 .072 .W5 .0340 .60
.9 .104 .0374 .o~ .~
.51

.0371 .* .I.lo.Cn81 .0361!.60
.139 .= .0393 .% .140 :W95 .0393 .= ,147 .@ .03$7 .%

.~ :;WJJmlg .0460 .55 .214 .o1.31.04& .* .225 .C@j9 .o~l .60

.51 .W@J .55 .2W .0171 .0551 .54 .301 .ol@ .099 .59
%67 .% .363 .cz?ll.c&a .95 .379 .(E27 .C%* .73

.421 .0421 .00231 .02161 :&l .01
;k?! .C&!l .CK@! .0227! .421 .C%4! .0034! .CQ25! .47! J&?] .00331 .CQl+l .&1

.421.2i41 .oc8jl .o%l .4

.41 .034 .C038 .C.eko.43 .* .ooj8 .U2yj ,4j .087 .cojs .m3i .5g

.41 .W’( .Olyll.CQ79 .43 .130 .0051 .CL2&J.47 .130 .&155 .Q73 ,5g

.kl .170 .0067 .03’?2.44 .175 .cn70 .0333 .47 .178 .0076 .097 .g

?li!r!3ail?ii!!!?!~333!i
(6) h/t = 0.3, b/c = 0.33

R-3.5xl&

I
R-3.~Oa

I
R-2.@l@

Tr@n6itionfixed Airfoil clean I
R-1.Oxld

AirCoil clean Airfoil clean

“

.

.

.

.

.
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TOIJ3 II.- LIFT, DRAG, AND PITCHING-MOMENT COEFFICIENTS AND
BASE PRESSURE RATIO FOR AIRFOILS TESTED - Continued

(c) Basic airfoil: Biconvex to c/3, t/c = 0.06 - Concluded
(T) h/t =0, b/c =0.33

R-3.tioe R=3.we
T1’aMition f- Mflofl clean

d:;
c1 % cd kp’ c1 cm cd R@

o 0 0 0.094 -- 0 0 o.02gg --
.0s JXX29 .03ce --

l:: :$? :%; ::2; :: .C& .W61 .0315 --
1.5 .0g7 .0088 .0348 -- .@ .o@7 .0332 --
2.0 .129 .O111 .036-f-- .Elo .o113 .03!3?--
3.0 .195 .0151 .0422 -- .IS .01s .0415 --
4.0 .262 .0195 .o~ -- .267 .0210 .Om --
5.0 .332 .0247 .W505 -- .337 .aw .- --
6.0 .403 .0303 .0735 -- .404 .0311 .0739 --

u000
.5 .020 .0314
1.0 .042 .0033

.W44
H :% .02F
3.0 .u9 .cKJ76
4.0 .161 .G3g’7

.OE!O
2:: :3; .0146
8.0 .330 .Olw
.0.0 .414 .CX?B
2.0 .% .0332
.4.0 .* .0386
.6.0 .684 .0454
.8.0 . 1. .0 6

.ceo4

.LY203

.0214

.ce23

.=37
JY?7’3
.033
.03$7
.0468
.0673
.O’y!4
.1286
.16&
.2178
Aii2!2L

-o 0
.019 .0015
.Okl .crw

- .@ .W41
.078 .m53
:llg .cwl

.m
.2CQ .0132
.24 .0137
.33 .OIEi:
.416 .cx?~

- .* .Cz2%
- .* .0373
- :jy .0453

. 11
.Olq --
.0186 - -
.0193 - -

--
:%s - -
.(2251- -
.0301 - -
.Owi - -
.0447 - -
.0655 --
.0924 --
.126g - -
.m --

:EX::

R=2.Ofi@
Nrfoil clean

T

c1 % Ca P
---- ---- -.
---- ---- -.
---- ---- -.
---- ---- -.
----- -----
----- -----
---- ---- -.
------ ----
---- ---- -.

U
o .Om - -

.Oti .oo16 .o180 - -

.043 .W* .019 - -

.@ .0043 .olg8 --

.079 .Wm .CQll --

.Ug .Oqq .C248 --

.Ife .mg~ .0303 --

.20k .0119 .0362 - -

.247 .0145 .0455 - -

.331 .Olg? .* - -

.418 .ce47 .095 --

.- .030g .120g --

.603 mg :lJoJ --

.703 -.

.80 . .28 - -

R=d.OxlOs
Nrfoil clean

n

c1 % Ca wp

00 0.0301 - -
.032 .0033 -“-- --
.076 .0079 .031.8--
.la .O1o1 .0333 - -
.1* .ol~ .0354 - -
.@ .Orn’ .0413 --
.281 .mw .O~ - -
.353 .@& .0615 --
---- ---- ---

)
.015
.042
.052
.0?7
.116
.163
.204
.246
.33’7
.42h
.=
.EG2?

(d) Basic airfoil: Biconvex to c/2, t/c = 0.04
(1) h/t = 1.0, b/c ‘=O

)
.c@l
.0042
.-

:s
.0108
.0134
.o163
.cQ18
.cQ78
.0342
.0420

3
.0
.0 1

.017-( - -

X8; ::
.0193 - -
.crm-r- -
.W40 - -
.wJ7--
.0355 - -
.0439 - -
.0649 --
.@7 --
.12* - -
.1751 - -
.2276 --
.24--

I R=3.5x10=
I

R-3.~0-

1
RQ.Oxl&

. a. Transitionfw -oil clean N1-foil clean.

I aeg
CL %s I cd

1

1:0
1.5
2.0

:::
5.0
6.0.T

1.45 0 0 0.0234
.0320.0010 .ce34
.067 .oo12 .cKw5
.103 .0017 .0262
.137 .CCQ1 .a,Xk

$$::3 :E5
.365 .0031 .0553
----- ----

1.* 0 0 0 .o164
.5 .019 .Wak .o164

1.0 .040 .0cx)4.0168

M
1.5 :061 .(XXI7 .ol~
2.0 .C84 .IXXJ8 .Olsg

.127 .w13 .CZ227
i:: .1P .&123 .a281
5.0 .@17 .CK)34 .03y
6.0 .Q61 .03@ :043’7
8.0 .3k9 .oo6k .06F
10.0 .440 .Oow .0937
12.o .%1 .0101 .1293
14.0 ---------
16.0 ---, ------
18.0 ---------

IT
hp ‘1 %

o.4g o 0
.50 .0= .-
.m .066 .U31O
.2 .lm .Ocw
.X .135 .oo16
.p .2C8 .IXE7
.~ .2& JXJ43
.2 .359 .0365
----- ---

1
.3’70
.36 .019‘.mo5
.36 .040 .INy)
.37 .@ .Wo’7
.37 X& .Coq
.37 .124 .0310
.38 .167 .cln5
.* .2m .mlg
.39 .253 .0025
.40 .343 AN39
.42 .430 .cKl*
.44 .Z1 .cnm?
------ --
----- -.
----- --

Od

1.q17
.Om
SY226
.Ua2
s.Q63
.0328
.0420
.0537
---

.0142

.0142

.0147

.01%

.o168

.0205

.a?r

.0326

.0410

.0627

.m7

.12%
---
---

=

M
p.c~

.90

.f)o .031

.x .m

.y .lW

.50 .m

.x .210

.2 .285

.51 .*
-----
T

m%

0 0.CQX2
.CKx% .CGz16
.Cml .CQ22
.ca6 .02#!
.oo18 .CQ62
.(xrfl .W
.d6 .&6
.W74 .0535
-- -1---

1
0 .OI.38
.o17‘.(XM5 .0138
.037 .- .0133
.O&l .0010 .Olz
.081 .Wlo .o161
.119 .0014 .O1*

.
‘.G ;c&6 ;0$

:;C :3 ::%
.430 .Oom .og18
..?a .m74 .1262
.6~ .OKQ .1703
.740 .0139 .2306
---- ---- -

TTTT
).4g
.4s .035 .CX31O‘:% ‘:;;
.% .070 .W1O .cE.U .*
.50 .M XxX.8 .=9 .53
.50 .144 .m4 .cQy2 .%
.583.220 .0042 .0321 .53
.x .W .m63 .0403 .59
.5Q-----------
-- --- --- --- -.

.390 .o123 .46

.3g .017o.om8 .0126 .46

.40 .035 .0c08 ---
:3

:$ :%? :%% :% .44
.3g .124 .m13 .o188 .k5
.42 .I.68.0324 .a237 .45
.40 .23.2 .0024 .03q .45
.40 .253 .CQ35 .o~ .45
.41 .347 .* X&a .46
.41 .445 .0070 .0914..48
:: .54; .% .Ima .4-(

.h :767 :o165 :XE ::;

.- --- --- -- --

+
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TABLE II.- LIF2, DRAG, AND PITCHING-MOMENT COEFFICIENTS AND
BASE PRESSURE RNTIO FOR ~ILS TESTED - Continued

(d) Basic airfoil: Biconvex to c/2, t/c = 0.04 - Continued
(2) h/t = 0.6, b/c = 0.05

R-3.Woa R-3.~Oe R+ .W1.@ R=l.O%LOS
5.. TtwMtim fixed A&Foil clean- Airfoil clean Airfoil cleem

.

.

‘%-l=
1

% I cd kb/pl‘Z I cm ] cd !%@cd

+ mo c
.5
1.0
1.5
2.0
3.0
4.0

2::

I o
.030 J3317
.064 .W23
.099 JXY29
.134 .co35
.203 .cw6
.288 .W85
.364 .OI.23
.436 .0167

.CQ06

.ce15

.0221

.0239

.02s

.0326

.0420

.0533

.0662

.0146

.ol~

.0131

.0163

.0172

.-

.0262

.0330

.0413

.o@7

.Om

.Wj7

.1694

.2261

. . .

L%
.51
.W
.51
.51

0
.033
.065
.W
.135
.205
.279
.357
.437

.0015

.0S22

.wk

.ca32

.cx345

.W6a

.0100

.ol~

O.Owl 0.55

1

.01% .9 .033

.02cQ .* .066

.0217 .* .la2

.a236 .54 .1%

.0W2 .55 .209

.0371 ,53 AEJ

:$3 :z-.-

.0013

.(X423

.0330

.W35

.03p

.Wp!

.Oloy

.%

.9

.57

.61

.41

:$
.41
.41
.41
.41
.@
.42
.44
.46
,49
.51
.73
-.

---1 ---1 --1---1 ---1
.- -1

.0119

.01.22

.01J?4

.O@

.0148

.o189

.Oml

.CO07

.Kllo

.cCn5

.o121

.o123

.o124

.O1.y
,0145
.01.81
.0234
.0307
.0391
.W)6
.0388
.1234
.1667
.2221

,480
.47 ,018
.48 .038
.48 .Ow
.43 .031
.48 .123
.47 ,167
.47 .213
.46 .25
.ti .3L
.43 .432
.43 .p
.42 .626

.o120 .y o
.Coo$l .0322 .% .019‘.CQ1l
.0013 .o~k .55 .039 .m13
.ca17 .0133 .3 .052 .0321
.(XZ21.0144 .% .084 .(W?l
.0c27 .ol&
.cx336.023, :Z ::? :Z
.0S)6 .03C6 .53 a: ;%
.m55 .0390 .Y
.a378 .&& .y .349 .C@8
.W36 .@88 AEJ .:44 .OnJ
.01J25.124? . .

.65

.65

.64

.64

.62

.61

.6I.

o 0 0
.5 .o18 .@
1.0 .039 .Colo

::2 :%? :8;

o
.017
.oy3
.oy3
.Ow
.E2
,165
.213
,253
.341
.43.
.519
.61.8

.Coli

.CKQ2

.my

.m39

.0048L!
3.0 .123 .cKr23
4.0 .167 .m31
3.0 .211 .K141
6.0 .256 .002
8.o .345 .w75
,0.0 .435 .Olm
2.0 .524 .0131
,4.0 ,621 .OWI
,6.0 .732 .CQ34
8.0--- ---

.0311

.0400

.0619

.0910

.12@

.1771

.2367

*

.

.m70

.W3

.Ollg

.0148

.0197
---

.016b .17& .46 .iw .o182

.0211 .228k .43 .766 .ce36

.0305 .3Q31 .43--- --- ---1--
.n5
--- -. -1

(3) h/t= O.3, b/c= J.05

R-3.~Oe R=l.CPCOS
Airfoil cleen

c1 cm I cd IWP

Treasition fixed
M —

c1 Pi+—
0.4C
.41
.b]
.4c
.41
.41
.44

:2

.45

.46

:E
.46
.46

:E
.47
.47
.48
.2

:??
.61—

1.4

l.%

o
,

l:i
1.:
2.C
3.C
4.0

2::

0
.5

1.0
1.5
2.0
3.0
4.0

2::
8.0
10.0
1.2.o
14.0
16.o
18.0

1 0,
.0319
.cKQ7
.m35
.CY.)44
.cum
.0103
.0141
.0186

,0167)
.03C
.o@
.096
,130
.201
.274
,349
.426

.019

.039

.C60

.080

.122

.164

.206

.248

.39.4

.419
:%4

.g
G

I
.031
.C%4
.097
.131
.2C0
.272
.347
.425

0 0,
.w16 ,
.C023
.0030
.033E
.co~
,cXX35
.O.U21
.0169

,0136
,0141

0
.m@
.0s5
---
.lW
.2o4
.269
.3P
.431

0 0.01210.75
.cC@3 .o129 .74
.W29 .0137 .73

.0175

.0181

.0195

.ce15

.0275

.0362
,0472
.C614

.0119

.0122

.0E4

.0133

.0144

.Olm

.0231
,Q2w
,0376
,0%1
,0EA9
.1187

.0147

.03.64

.ol&

.0242

.0327

.0440

.O*

SwJ
.0093
.Ocgr
.ol~
.o118

.0E15
I
.0594 .6b

.0093 .73
:= :$

,0111 .71
.o124
,0161

,71
.69

--1---1 ---1--

h
0

.@2 .mll

.Okl .c016

.& .0CQ4

.C%2 .0@2

.124 .C040

.3.67 .00%

.209 .CK%5

.253 .K180

.337 .0112

.426 .O1.39

.Z .o17h

.625 .W14

.736 .0262

.854 .03601.
.o~ .79
.O1.1o.79
.o119 .7’9
.0128 .79
.o138 .78
.017’7.m
.-8 .74
.0.294.72
.0379 .72
.C6fl .@
.0&2 ,61
.UnO .y
.lwi
.2324 :G
.2 .U —

.-

.0013

.w18

.0017

.0026

.C038

.Wx

.W1

.0089

.o122

LL
.0153
.0193 .161i
.a265 .2147
,040 .21

.

.

—
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TABLE II.- LIFT, DRAG, AND PITCHING-MOMENT COl?JTICIENTSAND
BASE PRESSURE RATIO FOR AIRFOILS TESTED - Continued

(d) Basic airfoil: Biconvex to c/2, t/c = 0.04 - Continued
(4) h/t = o, b/c = 0.05

R=3.Z 1 R=3.5x1013

I
R-2.oxl&

Mrmll clean
R.l.WOe

Airfoil clean
M

deg
1-%

1.45

1.98

0 0
.5 .030
1.0 .061
1.5 .@b
2.0 .E8
3.0 .1%
4.0 .26a
y.o .341
6.0 .417

0 0
.5 .019
1.0 .03
1.5 .05g
2.0 .078
3.0 .120
b.o .161

2:: ::rb
8.0 .329
0.0 .414
2.0 .pl
.4.0 .594
.6.0 .7m
.8.0---

0.0128
.(XCZ .0131
.0036 .0138
.W46 .0151
.Oom .0171
.C&6 .CQ28
.0E3 .034
.0167 .Ok?l
.C213 ;o@

.@
.0313 .~
.0019 .0101
.0CQ5 .OIQ
.W30 .OKO

-.
-.
-.
-.
-.
-.
-.
-.
-.

0
.031
.06+2
.094
.128
.1%

)
.0222
.0031
.cnkl

0.0K5
.0K8
.o13k
.0147
.0167
.cE23
.Om
.0415
.0559

.m!33

.0085
JY389
.0394
.0105
.o13g
.olg3
.02~
.0328
.0529
.0793
.1126
.1540
.2048

4

-- 0
-- .03?

1
.C@l

-- .(%2 .0335
-- .W .0047
-- .- .-
-- .198 .Wsl
-- .268 .oll~
-- .342 .Olm
-- .420 .@lJ

>.o117
.0121
.013
.0141
.0161
.a218
.W
.0411
.0554

.0069

.-

.0076

.cw3

.~k

.o129

.0177

.0241

.0321
---
---
---
---
---
---

)
.0s
J%&

.134

.2CQ

.276

.357

1
.0021
.m41
.mm
.W5
.Olca
.0143
.01911

I.OICQ --
.O1.11--
.Ollb --
.0140 --
.0151.--
.CQo6 --
.- --
.Ohs --

--
--
--
--
--
--
--
--
.-

--
--
--
--
--
--
--
--
--
--
--
--
--
--
--—

.W

.035

.Olq

.0143

.0193

)
.0Q14
.0CQ3
.oc126
.-
.0041
.Wn
.0%6
.0380
.O11o
.olkl
.0174
.=11
.*
-

.34c

.41.e ---1 ---1---1--
--
--

11
.o18 .Oolc

-- .03g .CKm
-- .059 .0333
-- .078 .W38
-- .~ .m
-- .m .cC67
-- .2ce .m9
-- .2k6 .0094
----- ---
----- ---

0
.Olg
.039
.o~
.079
.119
.160
.202
.244
.328
.k=

) o .0067 --
.o18 .0313 .0065 --
.035’.ml .cw-f --
.0’S3.W@? .Oo@ --
.080 .CC143.Olw --
.120 SK& .0131 --
.163 .Ocno .o17g --
.206 .Cogk .a24-5--
.251 .0107 .0328 --
.333 .Olbb .026 --
.422 .0175 .qgg --

--- --- --- --

-.
--
-.
-.
-.
--
--
--
-.
-.
-.
-.
-.
-.
u

X&2 .0154
.CQ55 .0203
JX6-f .U265
.0083 ;g5
.0117
.Oly A&)5
.CJlsg.1138
.cQw .1551
.cQg5 .2078

.W

.593

.694
---- -- -

(5) h/t = 0.6, b/c = 0.50

R=3.5xl@ I R=?.%@ I R@. CIXIo= R=l.Oxl@
Mrfofl clean

b~ % ‘% Q tip

.* o

.% .033‘.coti
o
::%

o
::?

.% .070 .c016 .0160 .58

.% ;~5 .00-24.o183 .%

.55

.% .221 :%7 :E; :;;

.% .m .007’2.0365 .%
;!5J-.? .0102 .0484 .@

--- --- .-n

..1 ~-~t~f-’ I ‘“”Mrfoil clcen I Mrfofl clean
M ‘egl=7=--F

I
tip‘=1

1.46 0
.45 .033
.k5 .066
.45 .1o1
.k5 ,135
.44 .208
.k5 .281
.43 .3*
.47 .440 E

cd pb~ % I+

).olm .530 0
.01% .53 .03 .cfll~
.0164 .53 .057 .0019
.ol.& .53 .lcY2.0323
.020? .53 .137 .0328
.0267 .53 .- .0040
.0354 .* .285 .*
.0474 .* .362 .Wa8
.0626 .55 .444 .0).34

Cd

.0145

.o151

.013

.0177

.O1*

.cQ64

.0353

.0476
~

1.45

UL
00 0 0.0195
.5 .037 .0314 .am2
1.0 .070 .0019 .U?lo
1.5 .105 .ocQ6 .m8
2.0 .141 .0031 .mw
3.0 .215 .W51 .0318
4.0 .289 .W7g .0408
5.0 .368 .0108 .09
6.0 .446 .013 .066

.0a2

.003.6

.W19

.-

.0034
:2

.0323

.
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.
TABLE II.- LIFT, IRAG, AND PI’IC!ECNG-MOMENTCOEFFICIENTS AND

BASE PRESSURE RATIO FOR AIRFOILS TESTED - Continued
(d) Basic airfoil: Biconvex to c/2, t/c = 0.04 - Concluded

(6) h/t = 0.3, b/c = O.~

—
R=2.0xloe

I

R-1.OXl&
Airfoil clean Airfoil cleanI

R=3.5X@
I

R-3.~&
a, Transitionfixed Airfoil clean

M ,
cl % cd In+’ c1 cm cd Pbp

TTl
000
.3 .030 .(X117

1.0 .063 .W2s
1.5 .@q .0033
2.0 .Uo .0039
3.0- - - .0C64
4.0 .274 .0C98
5.0 .348 .o131
6.0 .424 .0M57

1.45

1.98

—

—

M

m!

!.%

—

O.olm
.01.60
.0167
.0184
.0201

0.430 0
.43 .030 .C014
.43 .062 .Oo1$
.43 .~ .cKQ4
.44 .12g .cK)3c
.44 .198 .m47
.45..272 ,Oqc
.46 .343 .ola2
.46 .420 .0145

0.Olk?
.0148
.0155
.0170
.Olw
.CQy
.0333
.0445
.05S9

0.49
.49
.49
.49
.49
.49
.$9
.49
.49

10 10.013310.210 10 1o.o12710.53
.032 .m14 .0139 .* .034 .0.316
.C%5 .cW2 .0147 .% .C%9 ,cxa26
.lIXI.0030 .o164 .53 .103 .m36
.- :~~ .0182 .53 .140 .CQn
.203 .U246 .* .213 .cK%o
.277 mJ7 m% .54 .29 .CK$2
.351 .55 .369 .0130
.430 .0155 .0593 .ys--- ---

0 .@ .430 0
.CQo .0009 .Oo$a .43 .019 .@
.039 .0012 .0395 .b3 .039 .0014
.060 .m18 --- .43 .062 .CXX6
.031 .cKn8 --- .J+3.081 .C019
.123 .0W9 .0151 .45 .126 .W30
.165 ;:% .caol ::; .::; .0341
.203 .w64
.231 .W55 .0348 .p :254 :%?
;:3J .~-i9 .0557 .4 .339 .0093

.0103 .0%?8 .49 .&31 .OE1
;g: :~~ :$: .2 :2; .:;fJ

.
-- --- --- .- .738 :iW7
. . . . . . . . . . .862.034%

.0134 .%

.0N+3 .%
-.. .53
.ol~ .fi
.c?244.%
.0330 .62
.0450 .64
-x. --

.Im81 .66

.Q384 .65

.0091 .65

.Cc$?9.64

.OLLO .65

.ol~ .65

.Olm .65

.@& .65

.03b3 .66

.o~ .@

.0333 .yl
;ll~ :5J

.2214 .46

.$307 .43

--- I
.0351.

:%

lb
00 0
.3 .017 .W310
1.0 .037 .C013
1.5 .0% .0016
2.0 .078 .0019

?:: ::: :%Z
5.0 .2a2 .0045
6.0 .2k4 .0257
8.0 .328 .c083
0.0 .414 .0108
2.0 .499 .0140
4.0 .594 .ol&
6.0 .701 .@35
8.0------

.0112

.0113

.0116

.o125

.0136

.0171

.C220

.ce73

.0363

.*5

.0831

.u61

.1*

.21.17

.430

.43 .Oti

.43 .o%

.43 .O&

.- .37

.0095 .37

.Oog .37
--- .37
.0119 .37
.0155 .fl
.@ob .37
.0268 .37
.0349 ;%

X2: .44
.II% .43
.1579 .42
.2179 .42
. ..- .

.43 .07s

.43 ,121

.43 .162

.44 .Xy

.44 .2b7

.44 .W

.47 .42C

.48 .~s

.% .597

.% .701

.Co22

.0031

.Oma

.0049

.W171

.W3

.0123

.Olp

.0196
-. -1 -- 1- --1 ---1

(7) h/t=O, b/c= O.50

R=3.*6
Airfoil clean

RK? .0%108

I
R-1.U@

Airfoil cleen Airfoil clean

‘ll%\%]hp
o 0 0 0.0119
.5 .029 ,(XU9 .0122
1.0 .C!63.m34 .o129
1.5 .093 .C042 ;Olm
2.0 .226 .Cry34

.0379 .U222
::; ::&5 .OII.3.0310
5.0 .338 .0174 .Oug
6.0 .413 .O1* .05y5

o 0 0 .@3
.5 .019 .(X311.0095
1.0 .039 .CQ17 .009’7
1.5 .0% .0G23 .0106
2.0 .079 .(B27 .0116
3.0 .llg ,cn39 ,Oly)
4.0 ,160 .Q351 .o19g
5,0 .200 .(E63 .0261
6.0 .242 .0076 .0341
8.0 .325 .Olq .0538
,0.0 .* !0142 .0798
2.0 .4$2 .o160 .1119
,4.0 .*7 .cQ16 .1532
6.0 .693 .0313 .XJn
B.o .799 .0401 .266J2

m0.0395
.W .cW8 .~
.C%3 .0033 .o1o4

- .W .~~ .o~9
.125 .Wp .0140
.195 .Wj2 .0198
.268 .0103 .0284
.340 .0141 .0396
.419 .Olfl .0542

)
.Ceg
.(%3
.W
.lrl~
.L93
.263
.336
.411

0 0.0105
.0018 .O1O5
.C031 .Olle
.0039 .0126
.cK)47.014.5
.cFcKa.a2ql
.fxg5 .0288
.0131 .04cK1
.0179 .Oylo

-.
-.
-.
-.
-.
-.
-.
-.
-.

-.
. .
-.
. .
-.
-.
-.
. .
--
-.
-.
-.
-.
-.
u

-.
--
-.
-.
. .
-.
-.
-.
-.

-.
--
.-
--
--
-.
.-
.-
--
--
.-
-.
--
--
--1

0
.019 ,WE’
.oAo .m18
.Oy .Owo
.077 .cn28
.117 .0036
.159 .0348
.199 .Oyg
.240 .ml
.325 .oo~
.402 .0K3
.492 .0151
.5S4 .0183
.683 .ce31
.m .03611

.0067 --

.m’ro - -

.m73 - -

.0079 - -

.0091 - -

.o124 - -

.0175 - -

.LEm - -

.0316 - -

.0517 - -

.oT77--

.llo~ - -

.1513 - -

.2cQ7 - -

.266 - -

)
.018
.042
.0s
.076
.119
.160L

)
.0029 :%3 :
.W21 .m67 -
.0s26 .m72 -
;Cn:: .@85 -

.0121 -
,cop .0170 -
.W65 .C233 -
.0w8 .0313 -
.0105 .0517 -
.0131 ,0784 -
.0157 .1116 -
.Olw .1* -
.G247 .2280 -
.04 .2-(M2-N

-o
.018 ‘.oa%

---- .C#A
.054 .CCQ9
.077 .Cwl
,119 .ooy2
.U50 .CO*
.203 .0078
.2*3 .0095
.329 .0119
,419 .ol~

- .ti .O1-r(
- ‘.616 .@14
- .728 .G75
- .8 .03704

.c#64

.co55

.0071

:&-
.o123
.0175
.ce37
.03.11

:0790
.1151
.l#18
.2216
.2818

.

---wiAcA7
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TABLE II.- LIFT, DRAG, AND PITCHING-MOMENT COEFFICIENTS AND
BASE PRESSURE RATIO FOR AIRFOILS TESTED - Continued

(e) Basic airfoil: Biconvex, t/c = 0.04

R=3.~Oe R=3.*6 R=2.@e R=l.Cn(l&
. !l%Jlsitlonfixed Airfoil clean &cfoil clean &rPoll clean

—

d;;—
c1

o 0
.5 .030
1.0 :~y
1.5
2.0 .E8

;:: :X
5.0 .341
6.0 .416

0 0
.5 .02.8

1.0 .041

;:2 :%

U :?$

U :X
8.0 ;~;
.0.0
2.0 .495
,4.0 .%
6.0 .692
8.0 .&

Fl=-1-= cd %p

LOEL4 --
.0KL6 --
.o123 --
.0136 --
.O1* --
.ce13 --
.U2~ --
.04U2 --
.0553 --

.W71 --

.Wk --

.cm-l --

.0083 --

.Ws --

.o131 --

.Olm --

.0243 --

.0s0 --

.Oz --

.0781 --

.U13 --

.1519 --

.2037 --

.2630 --

cl

0
.ae
.064
.C9h
.126
.ig6
.26c
.343
.42C

o
.019
.04c
.057
.m
.EL8
.I.61
.201
.2k3

:%
.495
.5%
.703
.823

cm cd hp

o 0.0108 --
.KU.6 .O11o --
.CW2 .0LL6 --
.W39 .o129 --
.cx153.ol~ --
.0330 .Cfmg --
.OZ-U .cQ83 --
. cup .040g --
.Cew .0555 --

0 .Cw71 --
.WI.2 .Oop --
.IB25 .m75 --
.O@g .M1 --
.0038 .- --
.0044 .o128 --
.035g .o17g --
.0073 .CQ39 --
;% .0322 --

.0723 --
.OU1 .0785 --
.0177 .U16 --
.U215 .1547 --
.ce73 .2&2 --
.0376 .279 --

cm

0
.~j

.WJM

.00*

.m74

.0091

.o13c

.0182
---

Q pb/P
163izi -- 0

-- .03C
-- .064
-- .~k
-- .128
-- .1*
-. .267
.-
-- :%

-- 0
-- .019
-- .040
-- .058
-. .078
-- .I.18
-- .160
-- .2(E
-- .241
-- .324
--
-- :g
--
-- :=
-- AU?

)
.0015 .01.w
.w28 .02.31
.CCyJ4.0144
.Klz .0164
.0079 .0223

.0014

.O@’r

.003s

.KIM!

.Cn72

.o1o4

.0144

.ol*

.C@

.’=$

.W

.W

.201

.Ouil --

.0124 --

.0146 --

.@04 --

.cl?gk--

.04C6 --
.0114 .0303
.01% .0420
.CQ05 .*

.m

.3k5
---

0
.Olt

---- -

.~l .0095

.0008 .CX)95
1 0

.Ociu

.0cQ6

.Cxm2

.m45

.03%

.CC66

.(B33

.OIIX

.0135

.Olm

.0201

.C243

.-
~ 1

.fx68--
---- -

X&::
Jw&--
.Olsl : :
.CA1 - -
.0321 - -
.=7 --
.0792 --
.uk5 - -
.1% - -
.2151 - -
.2822 --

.anl

J
.0017
.OcQo
.m27
.LX)40
.mm
.0263
.0081
.O111
.0142
.Oln
.C217
.cZ?68
.03b

.0166

.Olq’

.olJ_7

SK)lg
.ocQ3
.WIO
.0041

.03!

.o~

.075

.U7

. la

.204
,24t

.33:

.421

.W

.617

.7X
&

.01%

.cr?oo

.CQ63

.0342

.,0544

.C-305

.U34

.1*1

.2059
m

.Cxy2

.CC64

.Oo&I

.Oloa

.0136

.0163

.cT203

.@%

.

.
A!&

(f) Basic airfo~: NACA 16-004
(1) h/t = O

R=3.5x10e “ R-2.CKL06 RE1.WJ.&
-oil clean All-foilclean Airfoil clean

*

R-3.YUOe
Transitionfixed

d::
‘z % %

00 0.0179
.5 .0340 .0018 .ol&

1.0 .064 .0034 .0193
1.5 .095 .OW1 .U?07
2.0 ---------
3.0 .194 .Oow .0282
4.0 ---------

2:: -IO; -- -.(217 :0%

M

ix

L.*

1 1
-- 10 10

—
--
--
--

-.
--
-.
-.
-.
-.
-.
-.
-.

0 0 0.0153 .-
.oy3 .W1’1 .ol& --
.c63 SYJs .o163 --
.GQ .o181 --
.225 .m53 .Olgg --
.1% .W73 .CQ* --
.261 .~ .0338 --
.331 .0133 .0442 --
.4ce .01?’0.0576 --

0 (

S12g
.M1
;~k

.193

.262

.334

.403 <

.032 .oly5

.cr336.0164

.m48 .O1-rf

.W)61 .olg6

. .02p

.0U2 .0335

.0141 .043g

.01-f .0576

-- .031 .Owh
-- .(%3 .0342
-- .EJ3 .C053
-- .127 .m=

.01%

.o161

.0174

.0194I
.-
--
--
-.
.-

--

II

.1% .ti
-- .270 .o123
-- .342 .o16c

.&>

.0339

.0444

--1---1---1---1--

1
--0 0
--
-- :E :%3
-- .@ .Im2g
-- .078 .0334
-- .Zlg .Wy
-- .160 .m64
-- .201 .0081
- - .243 .03$6
-- .325 .0133
-- .!23 .OZ.GT
-- .* .Olg
-- .5% .0228
-- :~1 .:7:
-- .

.0=6 -- 0 0

.0120 -- .019 .cm18

.o124 -- .037 .ocQ4

.0152 -- .0s .0037

.0143 -- .0j13.CX)46

.0178 -- .120 .O@g

.ce30 -- .163 .W72

.ceg2 -- .2U3 .m85

.0373 -- .246 .0103
.328 .o13g

:s1 :: .410 .o165
.1147 -- Am .olg8
.1556 -- .~k .@
.2049 -- .@ .-s
.26s?2-- .832 .034~1

.o115 - - 0

.o12’3- - .(Z?I

.o125 - - .04]

.o133 - - .061

.0148 - - .08c

.0183 - - .x23

.cQ34 - - .170

.a?~ - - .207

.03ZK)- - .,2.6

.0576 -- .338

.0838 - - .422

.1170 - - .~

.1583 - - .619

.21.07- - .~l

.2 --.8u00 .0144
.5 JjyJ‘.0X39 .0147
1.0 .0317 .01>

.Om
H :“z :E; .O1’fl
3.0 .121 .W46 .02C5

.163 .0062 .c255
;:: .205 .W78 .0316
6.0 .246 .W .0394
8.0 y: m% ~~
D.o
2.0 .499 .02m .1179
.b.o .536 .c2~ .1615
.6.0 .705 .C2% .2321
-8.0 .814 . .2 J!!

o .0)23 - -
.W32 .o135 - -
.Co32 .0140 --
.(X248.o14g --
.W64 .ol~ --
:% Jmol --

.OKJ1 :0315 : :

.o124 .0408 - -

.o167 .061~ --

.0178 .0875 - -

.cG22 .z228--

.Cem .M* - -

.03r2 .2m3 - -

.0 +

.

—
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TABLE 11.- LIFT, DRAG, AND PITCHING-MOMENT COEFFICIENTS AND
BASE PRESSURE RATIO FOR AIRFOILS TESTED - Concluded

(f) BaSic airfoil: ~ACA 16-004- Concluded
(2) h/t = 0.3

R=3.Ws

a, Transitionfixed

.5t.0331mn71 -“A
l.i.Qs .Im26
1.5 .m .m3’6
2.0 .131 .cXW6
3.0 .19g .w64
4.0 .268 .Ki3?
S.o .339 .0104
6.o .413 .0128

0 0
.5 .@o 0.0309
1.0 .040 .COI.6
1.s :% .%
2.0
3.0 .E1 :(2037
b.o .162 .cxll~
5.0 .206 .m63
6.0 .248 .c076
8.0 .333 .0105

;:: :% ::%
.0W2

6:0 :22 .0235
8.o .796 .LZ80

.Wdlu

.a216

.a232
,Cez
.0311
.0388
.0493
.c@3

.O1*

.0155

.01*

.0166

.0178

.0213

.cQ62

.0326

.04-07

.o@

.0874

.W2a

.16i9

.2103

.2708

—
bp

~
.k5
.4:
.46
.46

:E
.47
.48

.43

.43

.43

.43

.43

.44

.44

.115

.45

.47

.49

.%

.T

.62
&L

R-3.Woa
Airfofl clean

c1 ml ‘d hp

o 0.0174 --
.033 .m13 .0178 --
.cls5.WQ1 .0% --
.@-7 ,C029 .013 --
.129 .0032 .0216 --
.1* .m51 .cQ74 --
.266 .0072 .0355 --
.33a .myl .0467 --
.k13 .0127 .tio6 ---

0 .0125 .46
.021 .mo8 .m27 .46
.041 .W31L .o129 .48
.061 .0020 .013s .4s
.082 .0W3 .014 .48
.X22 .0034 .o186
.~65 .0047 .023 :?
.206 .0059 .022 :%
.249 .0071 .0380
.333 .OW.l .0533 .59
.416 .0130 .0846 .53
.504 .015 .1183 .47
.5% .0186 .1594 ,k3
.693 ,0224 .21Q3 .42
.&3 .W77 .27~~ .@

R-2.0%108 R-1.OXKf
Airfoilclem Airfoilclean

c1 I % I % imp c1 cm I ‘d ~/P

m)0 0::% o.% o
.033 .W15
.@ .0@5 .0179 :; :2;
.@ XJW: ml~ .W .101
.131 .% .137
,193 .0055 .CQ72 .60 .203
.269 .m7’8 .0350 .65 .281
.m .Olm .Ok% -- ,3
.416 .0132 .~ .67- - -

1
)

.C92 ‘.OWJ

.042 .cxX4

.062 .0021

.c@3 .w6

.123 .m37

.166 .W51

.206 .co63

.250 .W77

.333 .0111

.415 .0139

.532 .0166

.m .OIB

.703 .0241

.816 . b

.o124

.0K8

.o130

.0140

.0148

.0184

.ce34
;@g
.0381
.0533
.ca45
,13.81
.160b

1,21.34.2770

IT
o O.01~ 0.61
.0010 .0174 - -
,Owo .0179 .%
.W33 .0196 - -
.0338 .@lh .60
.q .a?75 --
“.cK@l.0356 .71
.o11.3.0470 - -
---- ----

.% 0 0 .0124 .67

.51 .(321.(xn6 .0326 .66

.51 .042 .oo16 .O@ .69

.% .C%4 .Wel .0137 .70

.% .034 .m26 .0147 .71

.65 .12?6.0047 .Ola? .70

.65 .171 .cn63 X233 .71

.65 .211 .com .CQw .69

.65 .2 .oca4 .03a? ,70

.61 .33 .o121 .0s .6>

.55 .425 .01% .LW* .x

.49 .21 .0189 .UU.6 ,55

.44 .622 .IX26 .1660 ,53

.41 .727 .aa .22a? .b9

.WJ .84c4.0328 .28b7 .47

“\NJA>~

.

.
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TABLE lXC.- SUNMARY OF RESULTS
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.

.

T
O.op$ (0.W39:
.Olm ---

~ [;%

---
% ---
.Osk (.*)

b/t-1.0, b/c -0 I l.k; mlm

ky Clem
k5 12k8a
m al.t
* Cleul
@ clean
?3 cm

3.5
3.5
P.o

1.)
J.1
1.1
1.!

1.0

:::
2.0
1-0I1.!A .0.643 ills

ti(kk?)- 0.OIJ.8in.o
1.!
1.!

hjt- 0.6,blc- 0.- 1.45 2alt
l.kg CLaul
1.% Clwn
1-45 cm
1.* mt
1.s9 “Cleam

k -0.635id 1.* 12hUI
I/(t/2)- O.ou fn.s 1.98 C18811

b/t-0.3,b[c-0.5 1.45 Wt
1A5 C,hul
1.45 w
I.ky Clsau
1.* Bal.t
1.9!3Cleell

WR. %95 ia.m
1-w
1.*

clean
cm

1
3.9 3.83(Lot
3.5

I

3.W kc+
2.0 3.99 t.05
1.0 h.07 b%

3.97(k.d
u 3-76(JL.06
2.0

[
3.97 k.c6

1.0 4.U? 4s5 J-
.m7 (.0122)
.m% ---
.- ---
:% [:a]...
:%2(:&-)Ii

9.2 (8.8)
Lo.1 ---
m.o ..-
LO.7(11.9
8.7 (8.01
9.7 ---
w.6 .-.
u.6 (D.T)

LO.6(9.7)
u.8 ---
U.T ---
!2.>(lC.?)
9.o (8.6)
1.3 ---
2A ---
2.3(11.3)

.22( .22)

.m ---

.20---
m (m
-15(.lm
.12---

7

t

2 ;.;
.24(.19)
.15---
.17---
.16 .15)

[.13 .13)
.u ---
.09---
-lo(JO)

3.5
3.5
2.0
1.0
3.5
3.5
2.0
Lo

3.5
3.5
2.0
1.0
3.5
3.5
2.0
1.0

!;.; (;.:

I
k:03 4>3
4.13 b.03
4.CC2L03
h.et?4.03
ho 4.03
bx+ 4.03

.= (.018)

.015

I

.o18)
.016 .018)

4

.014 .018

i iii]

.035 (.Olm)

.0375 ---

aci# [%3:%%
..-

.aw (HG

8

T/
Lti km
3.s3 4.m:
3.% 4.CQ;

j:g y$j,
3.92 Loo:
3.9s km’
3.95 4.wj 1

-cm
:% .Cm1
.G?l .Cm)
.024 .cGa
..o18 .mo
.015 .mc

:% %’ III
1.3 (lo.q .18(.18)
1.8 --- .17---
s!.8 --- ..m-..

%J ‘t;:ti :2 :H]
--- .11---

2.7 --- .1.0---
3.8(II-5) .03 JO)

b/t.0, h/.. Os 1.45 2alt
l-w -
1.h5 Clecn
1.L5 clean
1.* 2al.t
1.* -
1.$8 ChUl
1-s0 cm

9

20

11

u

A-o. 3in.a
f’d(d2 - o.me.7ti.m

1
.014 1.Dlk
all AM
.O1o ash)
.029 .Olk
.(X9 .m.3
.W .OuI
-w .~3
-w .Du1

3.5
3.5
P.oL

4.m 4.0s

J
b.w h%
4.03 k.
L.xl 4.05)
4.08 4

34.05 Ii.
k.u h.m]
4.05 h%)

1.0
3.5
3.5
2-0
1.0

1.@ Claul
A . 0.%5 iu.n
I/(tk)-0.0W3 fn.”

1.93C1.aM
1.99 Cleml

J!_lL
3.95 b.03

::; 3.52 4.031
2.0 3.99 4.03
l-o k.ol 4.03
3.5 3.* k.03I

:1
!:; % %

+

.Cm .016)
am

.o15 .CJm

.Ou

:% %

:Yfi :3

.’=5

I

.’WJ)

: ~~

.Iz8 .o18

.018 X0.8)

3-9(loo)

II
.W.19)

3.9 --- .18 ---
1.7 . . . .= -..
2-5(I3.3)
y. (8.9) : &l-

---

D
L-3 --- .u ---
L.6(Il.?) .13(Jo)

L-9(lo.d .17(.18)
!-3 ---
3.4 --- :x:::

~:;(yl- :: [-:]
Jo :.-

1.8 --- lo-. .
!.1(u.8) .03(Jo)

~

tit- o* blc-0.33

H
1.45
1.45
1.45
1.45
1.98
1.*
1.99
1.93

52U
clean
mlt
-

clean L
3.99(4.03
3.99 k.m1
3.99 4.03
4.CU 4.03)
*.u It.m)
b.cu 4.m)
b.m h.m)
k.09 4.CO)

H
2.0
1-0

H
2.0
1.0

A . 0.% d
ti(tw-O.aw in.”

rots: Para
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Continued

wsic airfoil:

bluavu to c/3
t[o- O.a

.

It
(i) %@

6. (6.1)---
6. --- 0.31

[

.3
::9 -6:$; ---
5.8 5.7) .E

:: :::
.W

6. (?.0) i?

%in

:

1.$5 mlt
L45 Clee4
1.45 clam
+.$ clean

atit
1:98 clean
1.93 Cleml
l.@ Clnn

1.W salt
1.b5 Clemn
1.45 clean
L 45 Cleul
1.99 MLt
1.* clam
l.@ -=
1.9 ~

h[t f-1.O, be-O IA35 (0.020

I
.C%) .C40
.0+ .Uo
.022 .Cm
.032 .019
all .07.9
.032 .019
.brf .019 1

IJm% (OJM61
.0235 - --

:= I&i

.0144 - - :

.0140 (.0122

3

u.

A - 1.Q8Y in.=
1/( tkd - 0.0h73ha

hft-0.6,bf~. 0.0s
:%
.032
.039
.W25
.Lw!l
IO&

.030

.03J
;Og

:%
.m
.C2?9

A . um w.=
I/(tk’l-0.C459 in.”

T
.0204 ( .OaYf:
arm . . .
.o161 ---

;; [:83
.-.

.Olu? ---

.* ( .0103)

hft.0.3, bfc- O.~ lJ$ mt
1.45 Clem
1.45 Clmn
1.45 Chrl
1.$8 2dt
L* c-
L98 Cleu
Lx Clem

.041

.m5

.09

.0s

lk

A - 1.17’6in.=
I/(t/2)= 0.0383ti.s

T
l.iy salt
lJ$ Cleon
1.$5 claim
1.45 CMm
1.99 Wt
1.* char!
1.98 clean
1.5$ clMIl T

3.5 3.99 4.00
3.5 3.93 4.CU

I;:; ~:~ j:~

3:5

I

3:94 &
2.0 3.s2 LaJ
1.0 3.W k.oc T

.Ola (.Olm

::% :::
as pl.!&
.02C0 ---

:%24(Xoi

hjt-0, b/o.0.05

.

A - l.10S ha
1/( t/2) -0.0348 in.e .

I
1.43 281t
1.45 Claaa
1.45 clean
L45 OAma
1.98 sat
1.* clean
1.* Cl*
L.% OIUII

1.!+52SM
L.45 Clsan
L.b5 C2+n
L.k5 ~
L.9 Etit
L.90 Clebn
L* C*
L* Ue=

“IT
3.5 4.27 4.3.3
3.5 1
2.0 $:% k:)
2..0
3.5 :::% ~::)
3.5
Q.O

1
!&3 4:12

1.0 4.2b b.lc T
.035

:3.03
.O?a .Ca

1.033 .027

4

.ml .@6

.*
:026

:Z .02-3 I
.un.3 (.02U)
.Oml ---
.or15 - - -

%?38M---
.0u2 ---
.Ola? (.0c96)

h/t-0.6, b/c-0.33

26

17

le

a: Pare

A - l.l@ in.a
d(t/2)= 0.0363in.a

tit -0.3, bf.a -0.33 .0+4 .033
.034 .033 1
.036 .033
.03 JJ33
.fx+7

!
.Ou

.Cd .W

.W .031

.031 .W I

,Oleo (.Olw)
.OI.65 ---

:%&[~~j
-..

A - .U7 h.=
If(J2)- 0.03A9b.’

h/t-0, bf.- O.= 1.4> alt
L.@ cum
1.45 Clnan
1.45 Cleun
L% Wt
Lx Clean
L98 clean
1.9 cle4n

3.5
3.5
2.0

;:;
3.5
2.0
1.0 IdI

.038

.033

.m

.0s

.037

.037

.%37

(.25)..-

ia-..
i.bi

A . l.d)sin.e
I/(tf2)= 0.0329in.6 (.-xi

.

.
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Continued

Basic all-foil:
Mcmwx k! c/3

tlu . 0.0s

R*-K= (; L

{

--- (4.8]
------
------

-:: [%
----

u!---
5.0(5.1)

4.9(Hi)
4.,g---

.!9 {Gi
La (4.6)

;:;;5;;

=F=!+ -1.0,b/c - 0 1.%5 edt
1.45 C1.em
1.45 Clun
1.4 C1.e=l

J
1. salt
1. -
I.* -
1.5+3*U

3.5
3.5
Q.0
1.0
3.5
3.5
2.0
1.0 411

).038(o.ce9

jg :%

.05=! g

.=5
.CQ8)

.03 .Cc9)-L
o:ak~ (0.CA29)

.041y :::
:~r [:={

.=55 ---

.=55 ---

.0.?41(.=30) J-;;:jij
.25 ---
.25 (.2k)

.-. (Sl)

1
IY5
1.45
1.45
1.h5
1.98
1.*
1.*
1.98

b/t-0.6, hi.- O.W

:*

.Oki

.049

.0419

.0397

.0363

.O*l

.0265

.CA2

.Ce39

.U226

(.04r4)edt
Cblll
CIS5
Cleea
sat
clam
Clql
cm

3.5
3.5
2.0
1.0
3.5
3.5
$+.0
1.0

---

(:0;;)
(.cs?76).-.

A - 1.s05 h=
I/(ti’a- 0S033 in.”

h/t-0.3, blc-0.-

4
Lb5
1.45
1.45
Le
1.*
1-%
1-s0
1-*

1:*5
1.45
Lk5
1.k5
1.*
1-93

L%

3.5
3.5
2.0
1.0
3.5
3.5
2.0
1.0

4.12 4.1o

\

4J6 4.1o1
4.15 4.1o
L* h.lo1

\

4.cd b.o$n
4.U *.W
4.21 b.cg1
4.17 4.03)

.0369

.0339

.0333’

.0326

.C=9

.019s

.Om

(.0Y32)

Cb9n ---
clean

(:0-%?)
(.a?35)

clean

. . .

..-A - L767 in.=
I/(t/2)- O.(WEQf.n.~

b/t -0, L#c.0.05 salt 3.5
3-5
2.0
1.0
3.5
3-5
2.0
1.0

.CR33

.062

.03kl (.0343]

.0309 ---

.CGY1 ---

:x [:%1

.or16 :::

.o17h (ml%)

5.4 (5.3)
5-5 ---

: ~i
5:5 --:
5.7 (5-5)

--4 (.36)
.

,

Clull
cl-n
-
Wt
C1.8&l
Claml
cl-n

A - 1.659 in.a
ti(tie)-0.0783b.”

bjt -0.6, b/c -0.33 l.is salt
1.45 cl.C8n
1.45 Clnn

N z
1.99 CIGEn
1.s9 C-
1.99 Chul

H
2.0
Lo

R
e-o
1.0

3.5
3.5
2.0
1.0

:;
2.0
1.0 t

*.M L20)
Lla k.!m
4.lb 4.201
k.zl L20
k.15 &.18~
4.17 4.W
LB La
4.32 4.M{

4.& 4.1o

~1

4.15 4.lo
4.U? 4.1o
k.= b.lo
h.li?J!.w
4.05 4.09)
4.16 4.03)
4.11 4.03)

II
.Oka]:Z .Obo

.* .Ot.31

.063 .040
1.Oil .039

1

.030 .0?9

.037 -039

.039 S@ 1
.0378 (.0356)
-039 ---
.0335 ---

:?%4 [%%

IEi (iii
A. 1.784 ha

U(W - 0.0%7 in.”

b/t-0.3,b/c-0.33 .

I

.m

.O’m

.04

.046

.W9

.075

.C65 i

5.4 (5.i]
5.5 ---

;; pj

5:5:::
5.8 (5.9)

5.5 (5.5)
9.6 ---

[
ill ;.b-
5.2 5.3)
5.6 ---
5.5 ---
5.’3(5.71

1.45 Wt
1.45 clean
1.45 Cleul
1.* ~y
1.s9
l.. =

1.s6 -
A -1.676 tin
I/(t/L?)-0.0785in.”

lift-0, b/e . O.~ 3.5
3-5
2.0
1.0
3-5
3.5
2.0
1.0

b-foils

I.03?4 (.0310)
.a?33 ---

-.

I
(.*)

...- -

::~ p;

.a “:::

.22 (.20)

lg [[xii]

.-
.Olw
.olTr ( xi-i)

I

Imm.hnnn Idlcnta tlmaatkal T’aluS, Iqpu U cd

-,
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TABLE III.- SUMMARY OF RESULTS - Continued

:e: Par.nthesenindicatetbmmtlcal values;upperhalfof airfoilsshown,

.

.

.
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TABLE III.- SUMMARY OF RESULTS - Concluded
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@

@

@

@

Floating beam
Normal-force gage
Rolling-moment gage 9*-
Pitching-moment gage lo.-
Side-force gage u.-
Pin connecting model 1.2.-
Shank to floating beam 13. -
Chcrd-force gage 14.-
Model shank 15.-

Worm-gear drive mechanism
Balance housing
Two-dimensional model
Rotating circular plate
Fairing
Boundary-layer plates
Main tunnel walls

Figure 1.- Side-support bslance with a typical two-dimensional model

installation.
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.

.
t seal.

Clomps
rubber

pkfce

(b) Model w

.

.

Figure 2.- Details of the junction between the wing and the boundary-
Iayer plate. .

.
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-ibe–.~l j “2.

b = length of boattail section
h = trailin$edge thickness
t = oirfoil thickness

(1) Biconvex

f/c =.04, h/t =O

(2) Biconvex to c/2

c

“21 -1 t-”osc
—- -—

t/c = .04, h/t= LO, b/c=D5
.6 .5
.3
0

(3) Biconvex to c/3

D

c/3~ c/3~ “3 ~.05c

—_— .—
t/C =.02, h/t=l.0, b/c =.05

.04 .6 .33

.06 .3
0

(4) NAGA 16-004

—- ——

(5)

(6)

—-

t/c = .04, h/t= O
.3

Model used to evaluate
wave drag of salt

‘a’t’”””~+.

~.250”
Semispan modeL

k- c/2 —q v
1

-—

t/c= .06, AR ‘2, c=6”

Figure 3.- Method of designating airfoils and summary sketch of models
(upper half shown, not to scale) .
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, I I , , 1 1 1 1 1 I u I (m Ucr

ni 5

<~ .2 QI I A 1 ! 1

+

-5

-+?20
-lo 0 -lo 0 10 20 .04 0 .04 .04 0 -.04 708

Angle of attuti, a Pittiing-moment coefficient Cm

(a) Effect of gap on llft and pitching mmnent.
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